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to tlio metallurgist. In some cases the elements of composition hnvo an influeneo on the results 
of the sincltiug operation. The same test which is used for sandstone is applied hero. Good clay 
must shrink uniformly, not crack in drying, and form, after exposure to a strong heat, a compact 
solid mass, neither vitrified ^or brittle. The mixing and tempering of clay has a decided influence 
on its refractive qualities, and good machinery and good furnaces are required to form g<x*l tiro- 
brick. Home clays are plastic, that is, they may bo moulded with great facility into any sha|>e, 
which they will retain in drying and baking. This quality is caused by thojprescnoo of more or 
leas soluble silex, and hydrated clay ; anhydrous silex is not plastic. I lowever valuable this quality 
of clay may be to the potter and manufacturer of porcelain, it is of little use to the metallurgist ; 
all we want is, that clay should form a compact, hard substance which resists fire ; the coarse forms 
in which it is applied do' not require a particular degree of tenacity. In order to test clay, it is 
sufficient to mix it well by hand, and form it into slabs of half an inch in thickness, which are gently 
dried at first so as to prevent the formation of cracks, and then exposed to a strong heat. When 
clay is so fine or plastic as hi crack in drying, it is necessary to mix it with sufficient line, pore, 
silieious sand, to prevent that evil. 

Green or fresh clay is not often applied at furnaces; it is, however, used in some smelting 
furnaces for repairs, and for hearths and boshes, when mixed with a largo quantity of saud ; also 
for forming bottoms in reverberatory furnaces, ami others. Its chief use is for mortar. 

Tulcose State . — This sulwtauce often forms a very durable fire-proof stone, particularly when 
the slate has been ex (vised to a strong hardening heat in the nutivo rock. This kind of slato 
forms H«)tttonc when soft, but in that variety where it is cemented by heat it is extremely hard. 
This substance is extensively used as refractory stones in puddling furnaces, for which it is adapted 
by its resisting the influence of the oxides of metals exceedingly well. 

Mica State . — This ranges with the talc slate, and in many instances it is very doubtful if the 
so-called talc slate is not actuallv mica slate, or merely a modification of it in form, characterized 
by the extreme minuteness of tlic leaves of mica. These slates resist fire well, if not too much 
mixed with metallic oxides, or with too much mica. The quantity of quartz determines the 
refractibility of the stone. This material is very convenient, because in most instances it is easily 
quarried and dressed to the desired forms. Chlorite slate, gneiss, porphyry, granite, and similar 
substances, resist fire in some instances very well ; but their quality de|»emlH entirely on a peculiar 
composition. As a rule, these rocks are not very refractory, and ore all liablo to be broken by 
heat. 

Artificial Stones ; Fire-hriek . — When natural stones cannot be obtained, or the purpose requires 
others, the substances of which artificial stones are composisl, such as clay and silex, are pouuded, 
ground together, ami formed into bricks or slabs of any form that may be desired. Quartz, which 
is most in use, and in fact the only available substance besides clay, is )iounded in stamping mills, 
such as represented in Fig. 2982. This operation is either performed dry, which causes much dust 



and premature destruction of machinery, or it is done by passing a current of water through the 
stamping box, ami gathering the sand in a trough, in whicu it settles, and the water flows off. If 
the quartz is hard, such ns river pebbles, or milky quartz, it may be exposed to a red heat in a 
roosting heap, after which it may be pounded quite easily. 
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Of quartz, thus coarsely pounded to the size of a grain of wheat, or smaller, three parts are 
mixed with one part of plastic fire-clay; the whole well snaked with water, and diligently mixed, 
forms an excellent fire-proof sandstone, when merely air-dried Of this mixture, bricks and slab* 
are easily formed, which may lie used air-dried, in reverberatory, puddling, reheating, and all such 
furnaces, where no actual work or rubbing is done on the surface of the brick ; for though they are 
fire-proof, they cannot resist abrasion when rubbed by solid matter. Bricks of this kind may be 
linked, but as they require rather a strong fire to make them compact, they arc not generally ; 
nor is much gained by a limited heat. These artificial sandstones, or Ore-brick, are in many 
respects superior to tho common fire-brick ; they are cheap where the materials are close at hand, 
for tho stamping is not expensive, and tho moulding and drying causes hardly any expense. An 
air-dried brick is easily laid, and the joints are secured with remarkable facility, for the brick is 
suited to absorb the water from the mortar rapidly, which causes the latter to dry (iiiickly ; this 
affords an opportunity of u*ing a large Quantity of mortar ; and os the mortar itself is but tho 
solution of fragments of brick, tho bricklayer's work is done very cheaply. In thin case, as in all 
others, particular attention must lie paid to tho mixing of the clay and sand ; too much labour 
cannot Le expended on this part of the work. In mixing plastic elay with sand, it is the object to 
bring each particle of clay in contact with a particle of silex, and produce by that means a 
uniformity of mixture which is at tho some time adhesive, and free from friable spots. This 
material, when well prepared, is eminently fitted for forming boshes, and even hearths, in furnaces. 
It may be used in the form of bricks, slabs, or what is the best, rammed dowu in a moist condition, 
so ns to form ono solid mass without joints. 

When fire-bricks of a finer composition arc required, such ns are made of slaty clay, or of kaolin, 
or tho silicious fire-clay of tho eastern slope of the Alleghenies. it is necessary that the mnteriats 
should bo ground fine ; this refers particularly to tho slate clay. Tho clay of the coal regions, 
which is generally hard when newly dug, is exposed for some time to the atmosphere, under the 
influence of which it falls to small cubical pieces; and when exposed for a season to frost and the 
changes of temperature incident to winter, it is converted into a fine meal, which is easily ground. 
When quartz or sand is required for the increase of the refractory quality of tho clay, it is mixed 
with it ; or, when too coarse, it is ground first by itself, and then mixed in due proportions. The 
proportion of silex to clay cannot be determined by applying scientific principles; this must be 
found out by experiments, which are easily made hy mixing various quantities, and exposing them 
to tho samo degree of heat. The quartz used for these purposes must be token cither from pure 
veins, or large quartz pebbles found in river bottoms. Band obtained from pottndod sandstone, or 
millstone grit, or river sand, is never sufficiently pure for fire-brick, or for retorts or crucibles. Clay 
thus mixed with quartz, or pure, 

is subjected to grinding in a mill 2993 . 

similar to that represented in 
Fig. 2983. In most cases it is 
ground dry ; somo manufacturers 
grind it wet, because it works 
faster. The particles, when suf- 
ficiently fine, are swept away by 
the current of water, deposited 
in a Ik i.v, and from thence re- 
moved to be tempered. Tho 
latter operation is frequently 
performed in tho mill. Fig. 2983, 
and, in fact, is thought sufficient 
when the grinding is accom- 
plished ; but this is not the cose. 

Horae clav may require very 
little work; still, no harm is 
done by much tempering: good 
clay is often spoiled for want of 
tho proper amount of work. An 
ill-mode brick is porous and 
light; a good brick is compact 
and heavy ; the first may bo good 
enough for steam - boiler fur- 
naces, but for smelting furnaces, 
where heat and fluxes, and tho 
motion of fuel, cause abrasion, 
bricks should bo as compact as 
flint. The latter quality Is chiefly 
obtained by careful grinding and 
tempering.* For this purpose a 
mill is used similar to those used 
for mixing loam for common 
bricks, which is shown in Fig. 

2984. Tho main part of this 
machine is an iron or wooden 
cylinder, of from 3 to i ft. high, 
and 24 in. in diamotcr. When of wood, it forms an inverted cone, so os to admit of being 
firmly bound by iron hoops. In tho centre of this clav-mill is a vertical shaft, provide*! with 
some radial knives. This shaft is frequently of wood, but is better when made of iron; the 
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knives must bo in all cases of iron. The latter are a littlo twisted, so as to cause tho clay to 
move downward. The tempered clay is thrown in at the top, and the mill always kept full. At 
tho lower end of tho cylinder, close to the bottom, is a square hole, through which the clay is 
pressed, ami issues continually. This square hole is provided with a gate, so as to regulate tlio 
quantity of clay which is permitted to pass. If the clay is not sufficiently mixed by passing it 
once through the mill, tho process is meitedi in some cases this is required live or six times. In 
Borne instances the kuives are provided with projecting points, so as to keep the clay in constant 
motion, os shown in the engraving ; this may bo advantageous, but it requires more {tower than 
plain knives, and a stronger machine than can be mode of wood. This mill, of course, may bo 
driven by horso-|iowor, as shown, or by a water-wheel, or a steam-engine. When circumstances 
admit, it is advantageous to temper the clay when warm : this causes the air or gas in the pores of 
the clay to expand and escape, so that a close contact of tho particles may lie accomplished. It has 
been proposed to mix carbou, either in the form of graphite, or anthracite dust, or coke-dust, with 
the clay of which fire-bricks ore to be mndc, but wo are not aware that it has been put in practice 
to any extent. For crucible*, such a mixture is used : the black-lead pot is one of the kind, and 
the pots in -which cast steel is melted are another kind ; tho latter arc generally a composition of 
clay and coke-dust. For thin pots, and similar articles, wo perceive no objection to coal, but in 
bricks and other heavy masses there are serious objections, which have been confirmed by expe- 
rience. Coal, no matter in what form, causes always tho formation of gas when in contact with 
oxides, such as clay and iron. If tho substance is thin, such as a crucible, this gns may escape on 
the nnglazcd side; but if the mass is thick, it must escape at the hottest, or glazed, surface, and 
is tho cause of a premature dcstructiou of the fire-brick. Coal diminishes the shrinkage of clay, 
and thus far it is advantageous in the clay of crucibles, in preventing their fracture when in fire. 

Fire-bricks nre not generally manufactured from raw clay, at least not wholly of it; and there 
is no doubt but that a twice-burnt brick is superior to a brick mode of fresh clay. The prepared 
ami ground clay is subjected to one fire, either in the form of brick or in lumps, then ground and 
mixed with about onc-third or one-fourth of fresh clay ; this mixture is formed into bricks and 
baked. Some of our manufacturers do not follow this method, but there is no doubt, if their bricks 
are good now, they would lie far better if baked twice. For this reason, brickbats, ground and 
mixed with a little fresh clay, will form a superior brick to the original brick made of raw clay. 

Fire-bricks, in order to bo baked, are generally subjected to a strong beat, in ovens built in a 
peculiar manner; this is not necessary if the bricks are not to lie transported far, and if too much 
clay is not used in tho mixtnro. In the latter case the brick is subject to much shrinkage, and 
when exposed to the heat in a furnace the joints between the various layers will separate ami allow 
the heat to penetrate, which now acts on many sides and soon destroys it. All that kind of fire- 
proof material which must be transported, or in the coiu{Mi*ition of which a large amount of clay is 
necessary, must bo baked ; but those bricks which are manufactured and used on the spot, and • 
which contain a large amount of silox, do not require baking previous to their use. In rig. 2085 
is represented a vertical section of an oven in which fire-bricks are baked. It is in appearance 
similar to a porcelain kiln, only not so large. The diameter is generally from 10 to ID ft., and 

29X5. 





29R8. 



equally as high, according to tho quantity of bricks to be made. One cubic foot of space will con- 
tain eight bricks of 10 by 5 in. The capacity of an oven is thus easily calculated. One charge 
will take a week’s time— three days for baking and three for cooling. Tho oven is built wholly of 
fire-brick, secured by iron tires and vertical binders. The floor is also formed by fire-brick with 
draft-holes or flues, as Bhown in Fig. 2986, wherein four fire-places are indicated. This oven may 
be operated by one or two fire-places, but there is no harm done in having more of them. The 
fire-places may be without grate-bars in case wood is used ns fuel ; but when stone-coal is burned 
there must be grate-bars, which are withdrawn and the stock-holes shut with ashes when the baking 
is finished. At the top of the oven is a round aperture of about 20 in. in diameter, through which 
the hot gases escape; when the heat is at the highest degree this top is shut by an iron plate. At 
the floor there is an entrance of 3 ft. in height and 2 ft. in width, through which the oven is set, or 
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filled with bricks; this is temporarily shut with bricks, which are removed when the host is finished 
and tho oven cold. Through this door the bricks are also discharged. There are various forms of 
ovens, ami also of mills, iu use ; the illustrations represent those most frequently found and to all 
appearances the Uat. 

J. Jobum't Moulds for Casting Metals . — In the ordinary plan of moulding with odd-sido boxes, the 
pattern from which the costing is to bo made is iinliedilcd portly in the sand of the top box, or in 
un mid-side lmnrd prepared for the purpose, and the bottom hox is then placed upon it and rarnmel 
full of sand, imbedding the rest of the pattern ; the boxes are then turned over, and the top box or 
odd side lifted off. leaving the |iattern in the sand iu tho bottom box; parting sand is then applied, 
and another top box rammed rpoo it, the pattern still remaining betwee n ; the bases are then 
sc|)amtcd, the odd side is again put on, tho bottom hox turned over, and tho (tattern left upon the 
Oild side. After tho impression of the (xittom in the sand of tho two boxes has been completed, by 
repairing any dnmago done in removing the pattern, the top box is again placed upon the bottom 
one in its original position, and the casting made. 

In Johann's process, after the pattern has been first partially imbedded in the sand of the Ixittora 
box as in ordinary moulding, Fig. 2087, and the parting surface been accurately formed, tho top 
box is then placed on, and is tilled with plaster of Paris, or other similar materia], to which tho 
pattern itself adheres. When the plaster is act, the boxes are turmsl over, the sand carefully taken 
out of tho lxittom box, and a similar process ro|M>ated with it, Fig. 2388, using clay wash to prevent 
the two plaster surfaces from adhering; this forms a corresponding plaster mould of the lower por- 
tion of tho pattern. These two plaster moulds may be called the t casts blocks, as they are not used 
in producing the moulds for casting, but are subsequently destroyed. 


•St. »0&. 21WO. 




Reversed moulds in plaster, Figs. 2983, 2390, arc now made from these waste blocks. Figs. 2987, 
2988 (the pattern being first removed), by placing upon the bottom box a second top l>ox, an exact 
duplicate of the former ton box, and filling it up with plaster (having used clay wash as Ix'fore), 
and doing tho same with the other l»ox. Reversed moulds are thus obtained, from which the final 
sand moulds for casting aro made, by using them as ramming blocks, upon which the sand forming 
the mould is rammed by placing a third duplicate top l»ox. Fig. 2992, upon the ramming block. 
Fig. 2390, and a corresponding lxittom box, Fig. 2991, upon the rntmuing block. Fig. 2989. 

The requisite gits, runners, and risen are formed previously in the original sand mould, and aro 
consequently represented in the ramming blocks. Figs. 2989. 2 91 M3, by corresponding projections or riba 
upon the parting face of tho one, and hollows in tho other (which arc then stopped up with plaster), 
and these are properly repented in the final sand moulds. Figs. 2991, 2992; these last, therefore, 
when put together, as in Fig. 2993, form a complete mould for casting, just like an ordinary sand 
mould, but having some important advantages. 

Any number of succeeding moulds can lx> made from the original ramming blocks by the simple 
process of ramming, without any handling of the pattern or turning over the boxes, Imth top and 
bottom moulds being rammed independently and at the same time if desired. The parting Ixung 
once accurately formed in the original mould, all tho succeeding ones are necesaarily correct, without 
any further care being required ; and by carefully trimming the original anil slightly jmring down 
the inner edges of tho parting faces, if requisite, tho faces of the final sand moulds have a corre- 
sponding fulness, and nro readily adjusted, after the first trial, to fit so closely together that prac- 
tically no fin is left on thocoxtings. Also the lalxiur of forming the gits and runners afresh for each 
casting mould is avoided, by having them completely imprinted upon each mould in the process of 
ramming: and by this means all the risk is avoided of imperfect castings arising from want of 
uniform care or judgment in the formation of the gits, 4c., by tho moulder in tho ordinary process. 
This is tho more important in the case of difficult castings, where several trials may lx* required 
before the best mode of running the inetnl is ascertained so as to ensure sound, good castings ; and 
by this process the exact repetition of tho same plan is ensured, without requiring any further 
attention from the moulder. 

A small hollow is imprinted in the ramming block for tho top box, into which tho ping for 
forming tho git is rested whilst tho box is rammed, and by this means the git is ensured being 
formed in the right place, without any care on the part of the moulder. 

The process of moulding by this plan is so simple and certain that ordinary labourers ore quite 
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sufficient to moke tho best castings, os they have nothing to tin bat ramming tho sand upon the 
two blocks in etch case, forming the buck and front of tho pattern, and putting them together 
without having to pay any attention to the parting gits or runners: and also it is much easier to 
lift the boxes when rammed off from the blocks, than to pick out tho pattern from the face of the 
mould as in the ordinary process: the whole being in ono solid mass in tho now plan, it can bo 
lifted more steadily, with less risk of injury to the sand mould. 

When the pattern is long ami very thin and intricate (as in the case of an ornamental fender 
front) where the general surface is also curved or winding, as in Figs. 2994 to 29%, the difficulty 


2994. 2995. 



Hamming Block for Top Mould, with pattern Hamming Block for Bottom Mould, 

secured on face of block. 


2996. 



2397. 



w 


Plan of Boxes. 


of picking out tho pattern from the mould is so great as to require the most skilful workman ; and 
the length of time required for repairing the injuries of the mould, causes about eight sets of fender 
castings a day to 1)4* the general limit to the nutnlier that can lie moulded by each mart and boy. 
But however difficult the pattern may bo to mould in the ordinary way (if it is arranged to draw 
properly from the mould), with the process of Jolwon the labour is very little greater than with 
an easy pattern, and the saving of time is so great that as many as thirty a day arc moulded on tho 
averagi* by one labourer and boy ; being four times the number that the best moulders can produce 
by the ordinary plan. 

When the pattern is slender and long it is liable to be broken in the frequent handling to which 
it is subjected in the ordinary process of moulding, and the expense and delay eansed by breakage 
of [Bitterns is of serious consequence in light ornamental work, where the patterns are often very 
expensive ; but in the new plan this is entirely avoided, as the pattern is never handled at all 
except in the original pmeesa of moulding to form the ramming blocks. 

Wlien the fac4* of the castings is required to be particularly well finished (ns in the case of orna- 
mental work) a bmss or other metal pattern is made, and is ilressed up and finished to the degreo 
that may be desired in the castings, and any cliasiug or other additional ornament put upon it: 
then after forming the ramming block for the bottom l>ox by a plaster-cast from the pattern in tho 
manner before described (sec* Fig. 2995), the pattern itself is made to form the permanent face of 
the ramming block for the top box (as in Fig. 2991) by leaving it in the mould when the plaster ia 
poured in, so that the plaster forms merely the parting face, and a solid hack to the pattern. In 
this case, the iron pattern is secured to the cross-lmra of the box by several small bolts screwed up 
to plates at the back of the box, so that when the plaster is poured in, filling up the whole vacant 
space of the box, and setting solid around these bolts and over these nuts, the iron pattern becomes 
so firmly secured in tho box that no ramming or moving it is subjected to afterwards has any risk 
of loosening it. 

In this plan the mould for the face of every casting is formed from the original metal pattern, 
and the pattern itself is firmly and permanently secured in the plaster bed, so that however thin 
and delicate it may be, there is no risk of injury to the pattern in moulding any number of castings. 
It ia asserted in the P. I. M. E., 1854, from which this article is taken, that as many as 3000 havo 
been cast without injury from a slender ornamental pattern. 

In forming the ramming blocks, common plaster of Paris is generally employed, as the most 
convenient and economical material, ami this is found to bo sufficiently durable for general 
work; the blows of the rammer are deadened by the sand in the box, and do not fall directly upon 
the plaster block, so that there is no risk of injury with ordinary care in ramming. When a greater 
number of castings are required to be moulded from one pattern, or when the size or nature of tho 
mould renders a harder face advisable, a metal face is employed for the ramming block of the bottom 
box, or for tho parting surface of one or both blocks. This is formed simply by running into tho 
mould, when prepared for the plaster, a small portion of metal, consisting of zinc hardened with 
aliottt A part of tin ; sufficient metal being used to form a strong plate for the surface of the ram- 
ming block, and the rest of the bjsicc at the bock filled with plaster as usual. In practice it is 
more convenient generally to reverse the mode of running this metal for the face of the mould, by 
firpt ramming the box, when prepared for the plaster, full of sand, then lifting it off, and paring off 
the surface of the sand wherever tho metal is wanted to such depth (about a of an inch) us may be 
desired for the metal, and when the lw>x is replaced in its former j>mitinn the metal is run in, fill- 
ing up these spaces where the sand bud been cut away. The sand in tho upper box at the back of 
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the mctnl face is then nil removed, without moving the box (j«rt r»t a timo if requisite) and plaster 
poured in above to till up the box and uuike a solid back as before. 

The metal face is firmly secured to the plaster back by several small dovetail blocks cast upon 
the hack of the metal, by cutting out corresponding holes in the snnd mould before the metal is 
run in. VnrioiiB modifications of this plan of construction arc employed, according to circumstances, 
for economy or convenience, and somitimes the face of the ramming block is partially covered by 
sejwrntc pieces of metal : but in cvi ry case the entire face of the two ramming blocks forms a |**r- 
fect counterpart of the intended casting (half being represented upon each), surrounded by parting 
faces which exactly fit one another, because the one baa been moulded from the other. 

Where the pattern is long, and a metal face is employed, a narrow division is made, sub- 
dividing the m« tnl face into two or more lengths; to allow for the shrinking of the metal forming 
the face, the effect of w hich is then found to be imperceptible. The plaster ramming blocks nro 
varnished when dried, to preserve them from damp ; and in moulding from them, the faces of the 
blocks are dusted with rosin, to prevent adhesion of the sand. 

This process of producing blocks, though somewhat complicated in description, involves practi- 
cally but little increase of work over the process of moulding required for the first casting pro- 
duced by the ordinary method ; but every subsequent casting, instead of requiring a repetition of 
the whole process of the first moulding, as in the ordinary method, is moulded by simply ramming 
the boxes u|<m their respective blocks. The ordinary odd-side l>nxes are used for this purpose, all 
that is requisite being that every top box fits steadily and securely upon every bottom box, so that 
they may be interchanged in the process of forming the ramming blocks, without disturbance of 
the relative position of the pattern. An improved form of the sternly pins for connecting the top 
nnd bottom boxes has been adopted, ns shown in Figs. 2993, 2997, which is easier to construct 
with accuracy. Instead of four or more round pins fixed on tho bottom box, and fitting into cor- 
responding holes in lugs cast upon the top box, vertical angular studs are cast on each bottom 
1m>x, and fit against corresponding projections on the edge of the top box (ns shown in the phui. 
Fig. 2997, and the section, Fig. 2993); the only fitting required in making the boxes is to file the 
touching angles of the pins so ns to fit one standard top box, and tho projections on tho top boxes 
to be all fitted to one standard bottom box. 

It has to be noticed that in the ordinary plan of moulding, and by the odd-side and plate 
methods, one side of a pattern is not available while the other is in use ; by the process of Jobson 
each pattern is equal to two, os it will be evideut that both blocks may be worked from at tho 
same time. 

Coating Metals under Pressure, Smith nnd Locke? s process for. — The apparatus which is here 
selected for illustration, Vmt to which the invention is not necessarily restricted, consists of a rotary 
wheel or cylinder, Fig. 2999, on the periphery of which are arranged a series of moulds, each 
formed of a pair of hinged metallic plates, which while tho casting is being performed are held 
firmly together between stationary housings, suitable rollers being interposed between the rotary 
mould-plate nnd tho stationary housings to reduce the friction. Each of tho mould-plates is pro- 
vided with one or more springs, which, as the rotation brings the moulds successively opposite 
recesses in the housings, cause the mould-plutes to sejMuate with n sudden movement, causing a jar 
which effectually detaches and discharges the casting. This effect is assisted by pins which nro 
driven inward as the mould-plate is separated, and in their retracted petition form parts of the 
mould. The continued rotation of the wheel carries the mould-plates between converging planes, 
which gradually close the moulds and conduct their rollers between the parallel parts of tho 
housings by which the plates nro held to receive the molten metal which is injected into tho 
moulds from a cylinder by a sliding piston or plunger. A detachable non-conducting lining is 
applied to the interior of tho cylinder, K L, each time before it is filled, and serves the combined 
purposes of preventing the molten metal setting or adhering to the metallic cylinder, and effec- 
tually pocking the joint between the moving piston and the cylinder. From this reservoir tho 
metal is forced through a contracted aperture directly into the moulds, the gates of the latter being 
funnel-shaped, so as to cause tin Interruption to the passage of the metal. A continuous pressure 
is applied to the metal within the cylinder during the casting operation, and the iwrtitions between 
the moulds luring tapered to an edge cause no perceptible interruption to the flow ns they pass tho 
discharge orifice of the reservoir. The reservoir is mounted upon a sliding bed provided at its 
forw ard end with a segmental plate or standard which fits around the periphery of the cylinder, so 
as to tightly close the gates of the moulds, and serves bIbo ns a mouthpiece for the injecting cylin- 
der. The sliding bed is held up to the cylinder by a screw and spring, the latter permitting it to 
yield, so as to avoid danger of breakage in the event of any hard matters getting between tho 
mouthpiece-plate and the cylinder. Tho injecting and pressing apparatus may be used with 
equally good effect in connection with stationary moulds, the said moulds being arranged either 
separately or in any number together, nnd placid either horizontally or vertically; or in cases 
where it is desirable to cast a number of small articles at one time, any number of moulds, there- 
fore, may bo place'll together within a single flask or casing, nnd a single injecting reservoir mny be 
used for all. The molten metal may bo made to enter the moulds horizontally, or may be forced 
upward from the lower part, or introduced at top, us convenience or various circumstances may 
dictate. For casting a large number of Bmall articles simultaneously, the stationary moulds are 
preferably armngi'd in a vertical nest or series, and tho metal injected at bottom, the separate 
moulds or parts of moulds being provided with suitable grooves to form, when united, gates or 
sprues for the admission of the fluid metal. A cluster or connected series of these moulds being 
placed together in their flask or casing arc supported and firmly compressed by n plate, which is 
forced against the moulds by set screws tapped into the top, bottom, or side of the flask, in order 
that the moulds may resist the pressure of the metal when injected, and not port or open at tho 
joints, and thereby cause the formation of fins or seams in easting. Tho entire flask may then l>o 
enclosed in a tight box from which the air can bo exhausted by aD air-pump of large capacity, 
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small perforations being formed in tho wnlls of tho flask and in the body of the moulds to permit 
the escape of air and gna from all |Kirts of the latter. Whenever tho air and pis exhausting pro- 
cess is used, care must Is; taken thnt tho joints of tho outer chest are all tightly close*!, and the 
juuotion botwocD tho said chest and tho reservoir is luted with wet clay or other material to mako 
all air-tight. 

As a material for the moulds, steel and many other metals may bo used to good advantage, 
especially for small moulds in a rotary apparatus, such as is represented in Figs. 21)98 to 3000. 


2sr>s. 




The great rapidity with which refractory metals chill and become set causes difficulty in tho 
use of uietal moulds, even though the said moulds inny be heated prior to the introduction of the 
metal. This rapid setting would afford insufficient time for applying pressure to the metal, unless 
this is done instantaneously by np|>«mtus such ns we here describe, and even with tho improved 
apparatus there is danger of the formation of a skin on the surface of tho metal, which with elabo- 
rate or fine work may cause a mottled, streaked, seamed, or otherwise defective appearance. 
Again, if metal moulds are highly heated to prevent to a certain extent the sudden chilling, tho 
fluid metal will unite with the moulds, especially the alloys of copper and tin ; and oven if metal 
moulds could be used with advantage, the expense of making them would forbid their use in cases 
where onlv a limited number of castings are wauled of oue and the same pattern, and in some cases 
the utter impossibility of making them. 
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Where tlio diameter of the apparatus or the size of the flasks or mould-boxes or other circum- 
stances will admit of it, it is better to form the moulds of a composition which will combine the 
following qualities, namely: — First, non-conductibility to heat; second, sufficient strength, den- 
sity, and hardness t« resist the pressure exerted on the 
fluid metal to prevent the latter entering the pores 
under bucIi pressure, and to avoid danger of the fine 
linen and sharp corners being injured in necessary 
handling, or crashed or flattened by the pressure; 
third, the presence of numerous very small pores, 
which, while the? will not permit the entrance of the 
molten metal underpressure, will allow the withdrawal 
of air and gas from the moulds. 

The production of composition moulds combining 
the above qualitii* constitutes one important part of 
this invention. They may be made as follows: — Take 
fine clay of such kinds as will resist a considerable 
degree of heat without glazing or melting on the sur- 
face. Said clay, after it has becu well mixed and 
washed in the same manner ns it is prepared for 
pottery, is made dry, so that it may be reduced to 
powder. When reduced to powder it is moistened with 
water about ns much as sand used for ordinary mould- 
ing. The pattern, if it is to be used for a nuinl>er of 
moulds, ought to bo of metal. For one or two impres- 
sions, said jttttem may be of hard plaster of Paris or 
hard wood. If of either of these two last-named mate- 
rials, it must be first coated with shellac varnish; the 
pattern is then rubbed over with a little oil (preferably 
paraffine oil), applied with a brush, so that it may bo 
released easily from the moist clay. After oiling, the 
pattern iscoatrd over with a fine |«i«te-like slip made 
of the same clnv used for moulding. The pattern or 
a number of them are placed in an iron or brass flask or 
frame suitable for tho size and thickness of the mould td 
be made, and provided with a bottom and plunger, or follower, and the flask is filled with the moist 
clay powder on the top of the pattern. Then the plunger or follower is placed in jiosition, and the 
whole brought under a ]*»werful press, and subjected to a slowly-applied but high pressure, say 
about 300 hi 400 lbs. to the square inch, thereby packing and pressing the loose powder into a 
comjmct and solid block. After sufficient pressure is applied it is allowed to stand under the 
press for a few minutes, so that the surplus moisture or water in the slip may be absorbed by the 
more dry clay j*owdor. The purpose of the slip is to unite the looaeparticles of the clay powder in 
direct contact with the pattern to a tine ami homogeneous mass. The flask may then be removed 
from the press and the bottom takeu off; this done, the pattern is easily taken nut, and a mould 
will be found as perfect and smooth ns if made of wax or gypsum. If a mould is to be made con- 
sisting of two or more parts, the first part made is coated on the surface coming in contact with the 
surface of the next part, to 1*> made with a slight coat of collodion or thin shellac varnish, so as to 
make a partition tatween the clay surfaces, anil they may bo separated without difficulty. When 
tho mould is completed it mny Ik* taken out of the flnsk or frame and handled and carried without 
danger of breaking. The moulds made are rendered dry by exposure to the influence of air or a 
gentle heat. When most of the moisture is evaporated, the moulds arc placed into furnaces similar 
to those; used for burning pottery, and the heat gradually raised until the moulds arc red hot, 
which will burn them about as ha pi as a soft brick nr clay-stone. When cooled off they are ready 
for casting. As it is necessary to keep these moulds in the same shape as when first made, and 
whereas articles made of clay are very liable to warp during the process of drying and burning, 
unit MB it is done with great care and waste of time, for the prevention of these evils it is found best 
to use to one part of clay powder made of fresh or new clay, another half of clay powder made of 
clay which has been previously burnt, or of old clnv moulds which have been used for casting ; tho 
compound of these two different kinds of clay powder is very beneficial, as it prevents the warping 
of the moulds, even if they are of a considerably large size. 

Fig. 2998 is a horizontal section of an Hp]>nratus ; Fig. 2999 is a longitudinal section thereof, 
with part of the revolving wheel in elevation, jart of it in section, and |>art entirely removed; 
Fig. 3000 is a vertical transverse section, the stationary parts being represented in the plane under- 
neath by the line x, x, and the rotary mould-wheel in the plane of y, y, Fig. 2999; Fig. 300! is a 
section of a pnrt of the apparatus on a larger scale, illustrating a mode of withdrawing air and gas 
from the moulds prior to the injection of the metal. 

A, A, represent various parts of tho stationary frame; It is a wheel or cylinder attached to a 
shaft C, which is rotated by gearing D, E, or other means; F, F, arc mould-plates hinged in pairs 
to the periphery of the wheel, and so constructed that each pair w ill join, when closed, u matrix to 
produce the article which it is desired to cast; /, /, represent pins emplovcd to aid iu the detach- 
ment and ejection of the casting from the moulds, ns previously explained. The inner ends of tho 
said pins are flush with the inner surface of the moulds when the latter are closed. The outer 
face* of the hinged mould-plates are furaisln.il with friction rollers (4 which bear against tho 
housings H, so ns to hold the moulds in their closed condition to receive tho metal ; A, A, represent 
recesses in the housings permitting the moulds to be oi>cned by the springs I, I, when tho costings 
ore to be discharged. 
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These recesses begin with abrupt shoulders A 1 to permit the moulds to open suddenly, and 
converge so as to conduct the friction rollers gradually up to the parallel ports of the housings II. 
The reservoir for molten metal consists of a cylinder J provided with a piston K, which may bo 
moved by a screw K\ or by a lever, in order to force the metal out through the detachable thimble 
or nozzle h. A funnel j may be formed upon or 3001, 

employed in connection with the reservoir J when 
it is to bo used in a horizontal position. The 
nozzle L passes into a mouthpiece or guard-plato 
M, which serves to close the gntes of the moulds, 
and is rigidly attached to or forms a part of the 
bed N, which supports the cylinder J. The bed 
N is adapted to slide, and is bold up to its work 
by a screw () and spring P. Under the ord inary 
working of the machine the gates will lie tightly 
closed, so as to prevent any escajie of metal from 
the moulds until it is firmly set ; but in the event 
of a fragment of metal or other matter passing 
between the periphery of the wheel and the guurd- 
pluto M, the latter will yield, and thus avoid 
injury to the apparatus; K, H, represent the ta- 
pering partitions between the gates F‘ of the 
moulds F. The said partitions converge to edges, 
so as to cause but momentary obstruction in pass- 
ing the nozzle L, and to impart a funnel shape 
to the gates or sprues. 

Tfoe reservoir may bo used in vertical posi- 
tion, as shown in Fig. 3001, and the funnel j % 

Fig. 2099, dispensed with, the metal lieing intro- 
duced into the open upper end of the cylinder, and 
the piston K afterwards placed upon it. j 1 re- 
presents the detachable non-conducting lining 
with which the inner surface of the reservoir is 
coated prior to each time of charging it with 
molten metal. F*, F 3 , represent moulds of the clay 
composition hereinbefore described ; 8, 8, plates, 
and T, T, set screws by which the said moulds aro 
firmly pressed and held together so us to resist the 
pressure of the entering metal, and prevent any 
opening of the joints. The plates 8, S, may serve 
as the mould-flask, or they may be placed within a 
separate flask, and the latter enclosed in an outer 
air-tight casing or box U from which air and 
gas are withdrawn prior to or during the casting 
operation through pipes r, V, by means of a power- 
ful air-pump, or for some classes of work the 
air-tight box and exhausting process may be dis- 
pensed with. For some kinds of casting, espe- 
cially in iron and steel, moulds of iron and steel 
may lie used with good success, but it is very 
essential that such metal moulds be so arranged 
that the fluid iron nr steel is injected as directly 
as possible, and without first ]iassing through too 
long a space of gates or sprues before the mould is 
reached oy the metal. The reason why this should 
lie done is this, — if fluid refractory metals come in 
direct contact with other metal surfaces they chfM and set more suddenly than those who are not 
acquainted with this property have an idea of, even if those surfaces should have been previously 
mode red hot. The consequence of this action is that the casting will show streaks and an uneven 
surface ; but if the moulds are filled directly from the injecting cylinder (avoiding the passing of the 
fluid metal over a long distance in the gates), and the strong pressure is brought to hear on the 
metal in the filled mould instantaneously before it has had time to form a hard skin or surface, a 
very good and sharp impression is thus obtained. Iron and steel moulds used in this manner ought 
to bo oxidized or rusted ou the surface to a certain extent. These rusted or oxidized surfaces aro somo- 
what non -conduct ile, and serve also to prevent the adhering of the injected metal to the moulds. 

When the suitable moulds are made they are put in a metal box or flask, and an iron follower 
employed to press and hold the moulds firmly together by means of the set screws, as illustrated 
in Fig. 3001, just as the style of the machine may be, so as to resist the pressure of the injected 
metal without porting ut the joints. When this is done the cylinder or injecting vessel J is pro- 
vided on the inside with a non-conducting lining. 

The lining of the cylinder is performed as follows ; — Take some fine fire-proof clay or kaolin free 
from aand grit, and thoroughly blend the same with about one-half the quantity of g<x>d plumbago; 
then mix with water so as to form a paste. The cylinder is heated to about 200 J of Fahrenheit, 
and with a brush the aforesaid paste is applied on the inside of the cylinder to a uniform thickness 
of about 1 of an inch, the heat of the iron cylinder drying the paste ns applied. This done, the 
cylinder is further heated to evaporate all moisture from the lining, and is then ready for further 
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operation. The surface of tlie piston K coming in contort with the fluid metal is coated in a similar 
manner. Thin lining of the cylinder serves several useful purposes; it serves to pack the space or 
joint between the cylinder and piston, and prevents the intrusion of the metal between the two. 
which intrusion would certainly and rapidly clog their parts and stop the otieration, as the beat of 
the fluid metal will at once ex]tand the cylinder more than the piston, and admit the metal betwecu 
them at the joint. It should he explained that the plunger or piston K fito the cylinder, and is 
therefore larger than the internal diameter of the lining, and that at every operation the cylinder 
must be relined or recoated, ns such lining is detached from the cylinder .1, and pushed in advance 
of the piston K at every forward movement of the latter, the effect of which is to close the joint, 
mid prevent the intrusion of the metal between the piston and side of the cylinder, as above stated. 
No matter how high the pressure is on the fluid metal, not a drop can leak out, the detached lining 
will |jock the joint so much the more closely. The importance of this detachable lining can scarcely 
In? over-estimated, since it forms by its non-conducting property the only practicable means for pre- 
venting the chilling or rapid setting, and also the adhering of the molten metal which would arrest 
the forward motion of the piston, and preclude any successful operation. Those acquainted with 
the nature of refractory metals know how rapidly they chill ami set if they come in contact with 
anothe r metal surface, even if said surface is made red hot, and it requires several minutes’ time to 
fill the cylinder and perform the oiicratinn of injecting. This lining serves also to prevent tho 
direct contact of the fluid metal with tho surface of the cylinder, which would soon spoil the 
cylinder by the excessive heat of a mass of molten metal, even if the other aforesaid advantages 
were not of such great importance. The nozzle or thimble L (if made of metal) is lined in tbo 
same manner as the cylinder itself. The discharge orifice of the said nozzle is then stopped with 
a clay plug or tamp / capable of resisting a pressure of 6 or 8 lbs. to the square inch. The office of 
the plug or tamp l is to prevent the gradual passage of the metal into the moulds. All being in 
readiness, and the cylinder J charged with molten metal in quantity somewhat in excess of the 
capacity of the moulds to be filled and placed in proper position, a pressure of from 30 to CO lbs. 
to the square inch, and sometimes more, may be applied to the metal by either a screw, lever, 
or other means ; but experience will soon indicate to the practical operator the proper amount of 
pressure for various kinds of casting. When pressure is applied to the metal the plug will yield 
and pass along in the main gate, giving the metal free passage into the moulds. When the casting 
is performed and the metal is set, the cylinder is readily dctachod by breaking the metal in the 
gate at the junction of the thimble and the moulds. This ought to be done immediately after the 
casting is done, and before tho metal in the gato has acquired its full streagth by cooliug off. The 
remaining head of metal in the cylinder is cosily removed after cooling. 

The operation of the rotary apparatus, represented in Figs. 2888 to 3000, may be described os 
follows;— Any number of tho reservoirs j, K, L, may lie prejiered for use by coating their inner 
surfaces with a suitable non- conducting paste, and filling them with molten metal, tho nozzle L 
being closed with a clay plug to preveut the escape of metal. The cylinder J being placed in tho 
jiositioii shown iu the drawings, tho wheel B is set in motion, and then pressure is applied to tho 
piston K so as to cause a continuous discharge of molten metol through the nozzle L. The small 
clay plug or stopper in the nozzle being driven out with the first discharge of metol may pass into 
one of the moulds and cause the production of a single imperfect casting, but after this a continuous 
jet of pure molten metal is kept up. The metal is thus injected and compressed into each mould 
as the rapid rotation of tho wheel carries it in front of the nozzle. The guard-plate M prevents tho 
escape of any of the metal until it has had time to become set, and as tho bearing rollers G of each 
mould reach the shoulders A 1 of the recesses A, the springs I cause tho mould-plates to sepnruto 
instantaneously with a concussion which discharges thecasting from the mould, or if the jar should 
be insufficient the driving of the pins / iuwards through the mould-plates ensures the detachment 
of the ousting. 

The continued rotation of the wheel carries the rollers up the converging faces of tho recesses A 
until they )ioss between the parallel faces of the housings 11 so as to effect the tight recloBure of the 
moulds in readiness for filling. For casting articles of larger weight than a quarter of a pound tho 
motion of the wheel may preferably be intermittent instead of continuous. Where, from the character 
or size of the castings to lx? produced, the particular metol or alloy used therein, or other circum- 
stances, it is found desirable to employ moulds of the clay composition In connection with the rotary 
apparatus, as illustrated in Fig. 3001, tho said composition moulds may be arranged and secured 
in the several flasks or mould-chambers completely around the periphery of the w heel before tho 
casting o|»erntion begins. The injecting reservoir J being then charged and set in position, nud 
pressure applied to the piston K, a number of large compressed castings may be produced by a 
single revolution of the wheel, or in somo cases it will be practicable to employ the composition 
moulds in continuous or re|ieAtcd operation in the manner first described. While selecting to illus- 
trate various (Mirtsof the invention the preferred styles or tyjKW thereof, it is not proposed to restrict 
it thereto so long as the same results are* obtained by means substantially equivalent. For an 
example, the pressure of steam or condensed air may be applied to act on the piston, or steam or 
condensed air may even be used to exercise direct pressure on the fluid metal if the cylinder is in 
vertical position and the end of the cylinder closed, although practical experience has proved that 
the mechanical pressure is the most reliable and least complicated. It is also preqioscd in somo 
cases to use a form of double flask, or a flask with two or more chambers connected by suitable 
gates, bo that the molten metol may lie placed in one and tho moulds in the other or others, and 
the compression casting can lie performed by forcing the metal out of the first chamber or the reser- 
voir into the moulds, which are arranged and secured in the other chambers. 

Another mod ideation consists in the employment of a horizontal reservoir with its discharge 
aperture at or near the highest part, as the metal need not entirely fill tho reservoir; when the 
piston is retmet**! no metol will lie discharged until the piston moves, even if the plug or tamp be 
dispensed with, but to prevent cooling and oxidation it is preferable to use the plug in this coso 
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also. Ah n substitute for tho clay plus or tamp a sliding rod or other form of valve may bo 
employed, being adjusted to resist any pressure lielow n certain degree, ami where the pressure 
exceeds that degree to yield and open tho way between the reservoir and moulds. 

It will Ixj Apparent that some of the principal parts of the invention, as for example the inject- 
ing process and apparatus, the material for the moulds, the manner of securing the moulds within 
the flask, and the exhausting process are not in any manner restricted in their use to the rotary 
apimratiis which has been more particularly described in connection with Figs. 2998 to 3000, but 
may be used equally well with stationary or detached flasks. In practice it is randy found neoee- 
sary to employ the atmospheric exhaustion in connection with the compression of the metal, but 
its use is found advantageous in cases where it is especially necessary to produce castings of tho 
most compact and solid character with entire freedom from Slow* holes throughout. In these cases 
it is preferable to use tho stationary rather than the rotary moulds, so that tho exhaust ion nmy bo 
effected through a simple pipe connected to the air-tight chest within which the flask is enclosed. 
When the injecting reservoir is placed in a vertical jioHition the use of a thimble L separate from 
the reservoir J, facilitates the removal of the reservoir by slipping it off vertically when the metal 
has become set. The superincumbent mass of metal remaining in tho reservoir might render this 
difficult «>r impossible if the lower end of the reservoir itself were contracted or formed with an 
inwardly projecting flange or shoulder. If said thimble is made of iron or other metal it ought to 
Iks divided longitudinally into two |mrts, so that the same may Iks readily detached from the metal 
in the central gnte, and tho head left in the cylinder after casting. Continued practice has proved 
that the best manner of making said thimble is to fonn or make it by pressing moist day into a 
suitable mould, and after forming to bum it hard in the manner that brick or pottery is burnt, 
and to use a new thimble at every operation of easting. Such mineral thimbles are strong enough, 
cheaply mode, and easily detached oy breaking them in pieces after casting. Practical founders 
know that if a mould could Iki used of a material more dense than sand or sand loam, a more perfect 
ami sharp mould could be made, and there would not be so great liability of the sharp lines of the 
mould being washed by the inflowing metal; but they are Also ifwnre that if a mould is made so 
dense by ramming and stamping, or by the use of dense material, the gases generated and the air 
in the moulds will not bo ejected by the mere pressure obtained by tho weight of tho metal itself; 
the consequence is that the metal is blown out of the mould and the casting is useless. The em- 
ployment of the compression process applied to refractory metals, just described, enables tho use of 
moulds of great density and of materials which will take a very flno and sharp impression of tho 
patterns by great pressure applied to tho material formed into moulds. By providing separata 
injecting vessels for the receptiou of the molten metal previous to its introduction into the mould, 
and having a high pressure to bear on the fluid metal in tho very act of its rapid filling of tho 
moulds, the elimination of the gases generated and the air in the moulds is compelled to take place 
through very fine pores and the small orifices made at the joints of the moulds; and ns the pressure 
is kept on the metal until it is well set and solid, such a thing as blowing will never, or very seldom 
take place, but the metal is compelled to fill every cavity of the mould, producing a perfect, sharply 
defined, rim! smooth surface. 

Moulds made of clay composition nre especially well adapted to be used with this compressing 
casting apparatus. Moulds to be used for another more simple method of casting metal under 
pressure, out applicable only to tho casting of larger pieces of ouo face, aro made in the gamo 
manner, only it is preferable to use instead of ordinary clay the clay composition used for black-lead 
crucibles or for good fire-tiles. The only necessary difference in the manner of forming the mould 
is ns follows; — The iron Ihjx or frame is first filled with clay powder, and the pattern is thou 
placed with face down. The reason for doing so is that the clay mould is left in the iron box and 
the bottom of tho box is not removable, therefore tho pattern must be placed on the top of tho 
powder that it may be taken nut after the impression is produced. The iron box or flask used for 
the clay mould ought to be of the outside size and shape of the die or mould to be cast in metal, 
and the bottom ought to lie provided with a hole or Blot for the purpose presently to be seen. When 
the pattern is removed the clay mould is made dry; after drying and while still in the iron lmx it 
is placed in n muflle furnace, and the heat gradually raised until the mould and iron box aro 
brought to a temperature nearly equal to that of the metal to bo cast in it ; while this is done tho 
metal to be used is melted in another furnace. Then the clay mould is taken out of the furnace 
and filled with so much of the fluid metal as is necessary to make tho articles, allowing a small 
surplus to be acted on by the follower. The surplus of metal is kept from overflowing by an iron 
collar or frame which extends above tho clay moulds. When so far filled tho follower is put on 
top of the fluid metal and then the whole is placed under a screw or lever press. During the time 
required to perform tho filling of the mould and placing under the press, the fluid metal becomes 
mushy, or semi-fluid, and if pressure is applied the metal will take a perfectly sharp impres- 
sion of the mould. When the w hole is cooled off, tho casting is removed out of the iron collar or 
box by driving something through the hole left for that pur|>o8c in the bottom of the box. The 
alloys of copper and tin are most favourable for this process of casting, but it may also be employed 
for other refractory metals nnd metal compositions with good success. The use of clay in this 
method of producing moulds for dies and other single-facod castings greatly reduces the care and 
skill required and the risk of loss involved in making such castings. In forming metal moulds 
with metal patterns, there is gnat danger of the injury or destruction of the pattern to be copied 
by the molten metal adhering to it. It is well known that moulds have been made of clay when 
in a plastic state for different purpose*, ami also that clay mixed with sand is employed for making 
moulds to be used for casting large bells and other heavy bronze and brass castings so as to give 
strength to the sand that it may resist the pressure of a great mass of metal. Now, those acquainted 
with the art of forming moulds nnd other things of plastic clay, kuow thnt it is very difficult nnd 
abrupt impossible to press plastic clay into deep cavities of a pattern, especially if the pattern is 
made of metal or other material of great density, because the air will always be more or leas confined 
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in the cavities and prevent the admission of the elay to produce a sharp and perfect impression. 
Another disadvantage, and that not the least, is that clay used in the Plastic kneadable state will 
shrink very much, thereby reducing the size ami changing the form of the article to be moulded ; 
further, an article formed or moulded of plastic clay is very liable to warp ami get out of shape by 
handling, and during the process of drying. Hut by using a moist clay powder and fofming it into 
a compact mass bv high pressure, those difficulties are entirely obviated; by using first a coating of 
slip applied over the pattern with a brush, the clay is brought into every cavity of the pattern at 
the commencement. Then the moist clay powder, being first in a loose state, attaining its strength 
and hardness gradually by the pressure slowly applied, permits of the easy escape of the air from 
the cavities of the pattern and throughout the whole mass, and produces a perfect and sharp 
impression. Further, by using moist clay powder, and making it a compact block by means of 
high pressure, the mould is, when formed comparatively to a mould made of plastic clay, in a 
greatly advanced state* of dryness, may be handled and carried about without getting out of shape, 
and as it contains not one-fourth jmri as much water as plastic clay it is almost entirely relieved 
from shrinkage and adapted to retain the shape and size first given in making. Further, hy mixing 
with fresh new clay powder one-half of powder made of burnt clay the mould is relieved from 
liability to warp and crack during the process of drying and burning. The application of slip made 
of clay as a facing closes the pores and unites the clay powder into a fine and plastic mass where it 
comes in direct contact with the pattern. The slip is rendered quickly plastic hy alworption of the 
surplus of water it contnins by the comparatively dry clay powder in the rear. Now, as the applica- 
tion of slow ly applied pressure is believed to be new in this connection, it is proper to explain its 
importance. If an attempt is made to form the loose moist clay powder into a compact and solid 
mass, as a good mould must be by means of stamping and ramming as it is done in the ordiuary 
way of moulding, it would naturally take a great deal of labour, but after removing the pattern the 
mould would be of insufficient and unequal compactness and imperfect impression ; aud further, 
when the mould was removed from the flask it would not properly hold together in burning, but 
fall to pieces os if the mould hadtbeen made of a number of layers of clay. If high pressure should 
be applied by means of machinery in a sudden manner, or with a momentum, the same results 
would occur. Hut, if pressure Is applied slowly and gradually, the loose particles of the clay 
powder are gradually and firmly united into a solid compact mass of uniform density entering 
perfectly and sharply into every cavity of the pattern. The labour required to form a mould iu the 
manner described is but little more than in forming a mould in the ordinary way of moulding. 

Drass moulding is carried on by means of earthen or sand moulds. The format iou of sand 
moulds is by no means so simple an affair ns it would at first sight appear to be, as it requires 
long practical experience to overcome the disadvantages attendant upon the material used. The 
moulds must be sufficiently strong to withstand the notion of the fluid metal perfectly, and, at the 
same time, must be so far pervious to the air as to permit of the egress of the gases formed by the 
action of the metal on the sand. If the material were perfectly air-tight, then damage would 
ensue from the pressure arising from the rapidity of the generation of the gases, which w'ould 
spoil the effect of the casting, and probably uo serioas injury to tbo operator. If the gases aro 
locked up within the mould, the general result is what moulders term a Wown casting : that is, its 
surface becomes filled with bubbles of air, rendering its texture porous and weak, besides injuring 
its appearance. 

Plaster of Paris is often used for a number of the more fusible metals. This material, how- 
ever, will not answer for the more refractory ones, as the heat causes it to crumble away and lose 
its shape. Band, mixed with clay or loam, jxiascsses advantages not to be found in gypsum, and is 
consequently used in place of it, for brass aud other alloys. In the formation of brass moulds, old 
damp sand is principally used in preference to the fresh material, lasing much less adhesive, and 
allowing the patterns to have the mould* easier and cleaner. Meal dust or Hour is used for facing 
tho moulds of small articles ; but for larger works, powdered chalk, wood-ashes, and so on, are used, 
as beiug more economical. If jmrticularly fine work is required, & facing of charcoal or ruttcnstvnc 
is applied. Another plan for giving a fine surface iB to dry the moulds over a slow fire of cork 
shavings, or other carbonaceous substance, which deposits a tine thin coating of carbons This, when 
good fine facing-sand is not to be obtained. As regards the projiortions of sand ami loam used in 
the formation of the moulds, it is to be remarked that the greater the quantity of the former 
material, the more easily will the gases escape, and the less likelihood is there of a failure of the 
casting; on tho other hand, if the latter substance predominates, the impression of the pattern will 
be better, but a far greater liability of injury to the casting will be incurred from the impermeable 
nature of the moulding material. This, however, may be got over without the slightest risk, 
by well drying the mould prior to casting, as you would have to do were the mould entirely of 
loam. 

For some works, where easily fusible metal is used, metallic moulds are adopted. Thus, where 
great quantities of one particular sjK-cies of casting is required, the metallic mould is cheaper, 
easier of management, and possesses the advantage of producing any number of exactly similar 
copies. The simplest example which we cun adduce is the casting of bullets. These arc cost in 
moulds constructed like scissors, or pliers, the jaws or nipping portions being each hollowed out 
hemisphcrically, so that when closed a complete hollow sphere is formed, having a small aperture 
leading into the centre of the division line, by which the molten lead is poured in. 

Pewter pots, inkstands, printing types, and various other articles, composed of the easily fusible 
metals, or their compounds, are moulded on tho same principle. The pewterer generally uses 
brass moulds ; they are heated previous to pouring in the metal. In order to cause the casting to 
leave tho mould easier, as well as to give a finer face to the article, the mould is brushed thinly 
over witli ml ochre and white of an egg ; in some cases, a thin film of oil is used instead. Many 
of the moulds for this purpose are extremely complex, and, being made in several pieces, they 
require great care in fitting. With these peculiar cases we have, at present, little to do (see 
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Mori-PTXC.), and shall conclude with n few observations on the method of filling the moulds. The 
experienced find that the proper time for pouring the metal is indicated by the wasting of the zinc, 
which gives ort’ a lambent flame from the surface of the melted metal. The moment this is 
observed, the crucible is to be removed from the fire, in order to avoid incurring a great waste of 
this volatile substance. The metal is then to be immediately poured. The best temperature for 
pouring is that at which it will tako the sharpest impression and yet cool quickly. If the metal 
is very hot, and remains long in contact with the mould, what is called -burning takes place, 
and the face of the casting is injured. The founder, then, must rely on his own Judgment ns to 
what is the lowest heat at which good, sharp impressions will be produced. As a rule, the smallest 
ami thinnest castings must la? cast the first in a (touring, os the metal cools quickest iu such cases, 
while the reverse holds good with regard to larger ones. 

Complex objects, when inflammable, are occasionally moulded in brass, and some other of the 
fusible metals, by an extremely ingenious process; rendering what otherwise would be a difficult 
problem a comparatively easy matter. The titnufii, which it must be understood is to Ikj composed 
of some inflammable material, is to lie placed in the sand-flask, and the mouldiug suud tilled in 
gradually until the box is filled up. When dry, the whole is placed in an oven sufficiently hot to 
reduce the mould to ashes, which are easily removed from their hollow, when the metal may be 
poured in. In this way small animals, birds, or vegetables may be cast with the greatest facility. 
The animal is to be placed in the empty moulding box, being held in the exact position required 
by suitable win's or strings, which may be burnt or removed previous to pouring in the metal. 

Another mode which apjiears hi be founded on the same principle, answers perfectly well when 
tho original model is moulded in wax. The model is placed in the moulding Ikix in the manner 
detailed in the last process, having an additional piece of wax to represcut tho runner for the 
metal. The composition here used for mouldiug is similar to that employed by statue founders in 
forming the cores for statues, busts, and so on, namely, two parts brick-dust to one of plaster of 
Taris. This is mixed with water, and poured in so as to surround the model well. The whole is 
then slowly dried, and when the mould is sufficiently hardemxWo withstand the effects of the 
molten wax, it is warmed, in order to liquefy and pour it out. When clear of the wax, the mould 
is dried and buried in sand, in order to sustain it against the action of the fluid metal. 

We shall examine one or two cases which come more or less within the province of the engi- 
neer. One of these is the founding of belli, a subject of much interest, ns works of this kind 
arc often of very considerable magnitude, and demand the skilful attention of the engineer. 
Large bells are usually east in loam moulds, being ssrrpt up, according to the founder’s phraseology, 
by means of wooden or metal patterns, whoso contour is an exact representation of tho inner and 
outer surfaces of tho intended nell. Sometimes, indeed, the whole exterior of the bell is mon filed 
in wax, which servos as a model to form the impression in the sand, tho wax being melted out 
previous to pouring in tho metal. This plan is rarely punned, and is only feasible when tlm 
casting is small. The inscriptions, ornaments, scrolls, and so on, usually found on bells, are put on 
the clay mould separately, being moulded in wax or clay, and stuck on while aoft. The same (ilan 
is pursued with regard to the ears, or supporting lugs, by which the bell is hung. 

Itrass Guns are another important branch of this manufacture. Thpy are moulded in a manner 
quite distinct from any other work of this nature. The exterior surface of the gun is produced by 
wrapping gunk in or soft rope round a tapered rod, of a length slightly greater than that of the 
gun. I Jpon this foundation of rope tho moulding loam is then applied; the surface being turned 
to the exact shape and proportions of the gun. A long fire is used by the founder in this process, 
in order to dry the mould ns he proceeds in its manufacture. When perfectly dry, the surface of 
the mould is black-washed over, and again OOTew d with loam to a depth of a or 8 in. This exte- 
rior coot of loam is secured and strengthened by a number of iron bauds, and the whole is well 
dried. The primary mould is now completely withdrawn from the outer shell, the formation of 
which renders it an cosy matter, as the timber md leaves the rope with great facility, when tho 
latter may be withdrawn, and the day covering picked out afterwards. 

The trunnions of the gun are formed separately, and attached to the shell in the ordinary way. 
When finished, the moulds are sunk perpendicularly in a sand-pit, near a reverberatory furnace, a 
vertical runner being made, leading to each mould, which it enters near the bottom. A suitable 
channel communicates with the furnace containing the brass intended for the guns. The metal 
being introduced at the bottom of the mould, no air can possibly be detniued by its entrance, as 
each mould is full open to the atmosphere at the top. 

T. V. Morgan’s apparatus, or machine for making large and small crucibles, is illustrated by 
Figs. 3002 to 3004. This important and peculiar mechanical arrangement consists in fitting the 
u former,” or forming tool employed in the apparatus. Fig. 3002, so that in addition to being 
capable of an up-and-down movement, tho former is free to be moved and ad justi-d horizontally as 
the crucible is being moulded, and according to the required size or thickness of the crucible ; it 
also consists in the employment of a lever to prevent all vibration or movement of tho former or 
shaper, when at its final position iu the crucible. 

The forming tool is fitted to a block free to be moved horizontally in a frame by means of a 
horizontally threaded rod, which takes into a corresponding female thread in the block : the ends 
of this rod work in fixed nuts on the frame, and one end is provided with a handle which is turned 
according as the former and its block are required to lx* moved. The frame before mentioned is 
free to move up and down in slots formed in two uprights, and its weight is counterbalanced. The 
bottom of the slots limits tho distance to which the frame with the former can lie lowered. When 
a crucible is to be made the frame is nulled down to cause the former to enter tho plastic material, 
which is placed in a mould, on a revolving lathe, or jigger, as uxtuil, and when the former reaches 
the bottom of its course, a catch on one of the uprights secures the frame in position. The threaded 
rod is then turned, to couse the former to move horizontally, and spread the plastic material 
against the side of the mould. Finally, the back end of a lever carried on tho top of the frame, 
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»nd free to move backward by means of slot or otherwise, is inserted into a bole formed for the 
purpose, and its forward end is pressed down by liand, so that the lever bean forcibly upon 
the frame, and prevents all vibration or movement of the former. When the crucible is finished, 
the handle is turned to bring the former to the centre of the crucible, the lever is moved forward 
out of its hole*, the catch released, and the frame raised up by a balance-weight. The ojteration is 
then repeated for the next crucible, and so on. 

This invention further consists in the employment of a brake to stop the revolution of the lathe 
or jigger, when the driving belt is moved from the fast to the loose pulley of the lathe-shaft. This 
brake is preferably composed of a horizontal bar hinged behind the apparatus, while one end 
extends to the front of the apparatus, near to the attendant. The bar carries a block, and when 
the brake is to Ih> applied, the attendant, by his foot or otherwise, move* the bar on its hinge, so 
as to cause the block to bear against a collar or other revolving portion of the lathe. 

Fi^. 3002 is a front elevation ; Fig. 3003 a side elevation ; and Fig. 3004 a section through the line 
A A of Fig. 3002, of an apparatus constructed according to Morgan's improvements, a is the former, 
or forming hiol ; it is fitted to a block b, which is, ns before stated, free to be moved horizontally 
in a frame c by means of a horizontal threaded rod d, taking into a corresponding thread e in a 
nnt 6 1 in the block b ; the ends of the rod d work in fixed nuts / /, on the frame c, and the right- 
hand end is provided with a handle g, which is turned according as the former a and block b are 
required to bo moved. The frame c is free to move up and down in slots A A, formed in two up- 
rights i, and its weight is counterbalanced by weights A A, on the end of chains or cords l i, passed 
over pulleys m m, and connected to the frame c. n is a catch on the upright j, to secure tho frame c 
in position when the former a reaches its lowest position, o is the mould into which the plastic 
material is fed; this mould is carried on an ordinary lathe or jigger />, to which rotary motion is 
imparted as usual. When the frame c is caught by the catch n. and the mould is caused to rotate, 
the threaded rod d is turned by 
its handle */, so as to cause the 
former a to move horizontally, 
and spread the plastic mat* rial 
against the tide of the mould o; 
and when it has been moved to 
the required distance, which is 
regulated by a scale on the frame 
c, tho back end of a lever q car- 
ried on the top of the frame c and 
free to move backward by means 
of a alot r is inserted into a hole 
s formed in an upright t, and its 
forward end is then pressed down 
by the attendant so that this lever 
bears forcibly upon the frame c 
and prevents vibration or move- 
ment of tho former a. When the 
crucible is finishod, the handle g 
is turned to bring the former o to 
the centre of tho crucible, the 
lever q is moved forward out of 
its bole s, tho catch n is released, 
tho frame c is raised up, and the 
mould is removed in the ordinary 
manner; all being then ready for 
the next operation, a is a hori- 
zontal bar under the platform v 
and hinged at tr, while its front 
end extends to the front of the 
apparatus, x is a block on tho 
bar u, and y is a collar on tho 
lathe-shaft. When it is required 
to stop the revolution of the lathe, 
the attendant moves the bar u on 
its hinge w, no as to bring the block 
x ugainst the collar y. z is a hori- 
zontal bar or guide for the bar m. 

Tho Morgan steel crucible, 

Fig. 3005, so highly valued, is 
made of about 1 port fire-clay, 
and 2 of graphite or plumbago. 

This paste is worked to great 
perfection by the machine, Figs. 

3002 to 3004. During the burn- 
ing the Morgan crucible under- 
goes no change internally, as only 
the surface of the graphite burns. 

Fig. 8006 is a section of a Morgan crucible, capacity 50 kilos., that is, a little over 100 lbs. 
English. The Plumbago Crucible Co., Battersea Works, Ixmdou, designates this crucible No. 50. 

A B = 11 * 1 in. ; B C = 1 *3 in.; E F = 8*0 in, ; FG = *9 In.; and mn = 1 *4 in. 

Tho crucibles, Figs. 3005 to 3012, are selected from among the vast variety of crucibles manu- 
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factored at the Battersea Works. The crucibles of this company have been in most successful use 
for many years, and are now used exclusively by the Englisfi, Australian, and Indian mints; 
the French, Russian, and other Continental mints; the royal arsenals of Woolwich, Brest, and 
Toulon: and have been adopted by moat of the largo engineers, brass-founders, and refiners in 
England. Their great superiority consists in their capability of melting on an average forty 
pourings of the most difficult metals, and a still greater number of those of an ordinary character, 
some of them having actually reached the extraordinary number of ninety-six meltings. (See 
Cbccibleb.) 

These crucibles never crack: become heated much more rapidly than any other description, 
and require only one annealing— may be used any number of times without further trouble, change 
of temperature having no effect on them. Mona. C. Dierick, master of the French mint, writes; — 
“ Each crucible runs from forty to sixty pourings, and con with safety be dipped in cold water when 
at a red heat, and used again immediately, as if it had not undergone any change of temperature.” 
A large amount of time is daily saved at starting, other crucibles requiring to be annealed every 
morning before using, whilst these, although lasting a very considerable number of heats, only 
require to be annealed ones; the metal is also fused much more rapidly, saving time, fuel, labour, and 
mik; the saving also of metal is very great, as to each worn crucible there adheres a certain 
amount of metal— the commoner the crucible the greater the absorption and adhesion. In this 
respect, comparing the Morgan plumbago with the common crucible, the saving of metal and fuel 
is equivalent to the cost of the plumbago crucible. 

This company have introduced crucibles especially adapted for the following purposes, namely ; — 
Malleable Ikon Melting, the average working of which has proved to lie about seren days ; Steel 
MELTING, which are found to save nearly a ton and a half of ftiel to every ton of steel fused ; and for 
Zinc Melting, lasting much longer than the ordinary torn jiots, and saving the great loss which 
arises from mixture with iron. 

Crucibles have been in use for melting and refining metals from that distant point of timo when 
man exchanged his stone hatchet and bone chisel for implements of bronze. The earliest melting 
pots were doubtless made of the plastic and infusible substance clay, and there is no reason to 
suppose that they differed essentially from the earthen crucibles now commonly used in our 
foundries. 

As an instrument of scientific research, the crucible has held an important position for at least 
a thousand years. It was constantly used by tho first alchemists, and may, indeed, lie truly styled 
the cradle of experimental chemistry. 

At the present time, crucibles of one form or another are extensively employed by the refiner of 
gold and silver, the brass-founder, the melter of copper, zinc, and malleable iron, the manufacturer 
of cast steel, tho ossayer, and the practical chemist. They are made in many different shapes and 
sizes, and of many materials, according to the purposes for which they are intended. For certain 
chemical experiments, requiring high temperature, vessels of platinum, porcelain, and lime, are 
adopted; but for ordinary metallurgical ojterations clay crucibles and plumbago crucibles are 
exclusively employed. We, in this place, confine our remarks to these two important classes of 
crucibles. On examining a clay or plumbago crucible it seems to be merely a rough specimen of 
pottery that might be cosily imitated; yet tho successful makers of crucibles are an few that the^ 
might almost be counted on the fingers of two hands. When we take into consideration the quali- 
ties which arc required in a crucible to enable it to pass Victoriously through the ordeal by fire, the 
paucity of good makers becomes intelligible. The crucible should resist a high temperature with- 
out fusing or softening in a sensible degree. It should not be liable to break or crumble when 
grasp'd with the tongs, and it ought to be but little affected by the chemical action of the ashes 
of the fuel. Again, it may be required to withstand the corrosion and permeation of such matters 
as melted oxide of lend. In some cases crucibles should resist very sudden and great alternations of 
temperature, so that they may lie plunged while cold into a furnace nearly white hot without crack- 
ing. In other ras*>s they are merely required to resist a high temperature after having been gradu- 
ally heated. Some crucibles are specially remarkable for one quality, mul others for another, so 
that in Minting them the conditions to which they will be expand must lie kept in view. 

The Editor of this Dictionary, being an experienced metal-worker, speaks, for the benefit of 
others, without reserve ; ho knows from experience that the crucibles which present the finest com- 
bination of good qualities are those of the Battersea Plumbago Crucible Company, They support, 
even when of tho largest size, the greatest and most sudden alterations of temperature without 
cracking; they can lx> used repeatedly, and their inner surface can be made so smooth that there 
is no fear of the particles of metnl hanging about the sides. Their first cost is necessarily high, as 
plumbago is an expensive raw material ; but tho fact that they may lie End for a great number of 
meltings makes them, in reality, cheaper than the ordinary clay pots. As fire-clay contracts con- 
siderably when exposed to a high temperature it cannot lie used alone for large crucibles. Tho 
so-called clay crucibles are made of a mixture of the plaster clay with some other substance, 
such as highly-burnt fire-clay, silica, or coke, which counteracts in a measure the evil done to con- 
traction, ami so lessens the tendency of the vessels to crack. The large Stourbridge clay crucibles, 
so extensively employed by the brass-founders of Birmingham, contain both burnt clay and coke. 
The Cornish and Hessian crucibles are made of peculiar kinds of clay in admixture with sand. 
The great superiority of the plumbago crucibles over those can lie easily accounted for by tho fact 
that graphite nr plumbago is the most impressible of all substances known, and at the same timo 
a material that can he thoroughly incorporated with the clay without impairing its plasticity. 

With respect to fire-clay, W. H. Stephenson, writing in the Transactions of the 8. of E., 
observes; — Among the various deposits which have succeeded the formation of the primitive rocks 
upon the surface of the globe, there are certain earthy strata of very considerable extent composed 
chiefly of silica and alumina, partly in combination, and partly in mere mechanical mixture with 
other leas prominent and essential ingredients. These strata are characterized by the very minute 
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state of division of their particle*, and their want of firm connection or solidity. It is to this pecu- 
liar structure that the most valuable property of clay must be ascribed— -that is, its plasticity, or 
the property of forming dough with water, sufficiently soft to take the most delicate impression from 
a mould, and so deficient in elasticity that oven the slightest indentation is lasting and persistent. 

By far the greater number of clays are so intermingled with substances foreign to them in their 
original localities, or hove been primarily derived from snch compound species of rock, or, lastly, 
have been so very far removed by the agency of water from the sources of their different constitu- 
ents, that it is next to impossible to trace back tho course of their formation to its very commence- 
ment; although the clays may be viewed in general ns the remains of certain rocks which have 
been decomposed by various agents, chiefly atmospheric, which have, in a word, been weathered ; 
yet there are few cases in which the production of clay lias occurred in the immediate locality of 
the rock whence it iB derived, and in such a simple manner as to enable its origin to be traced in 
all particulars, and established indubitably bv chemical facts. 

The most prominent physical properties of clay are its plasticity and behaviour when exposed 
to heat. By simple drying, at a temperature far foe-low red heat, its particles collapse, the primary 
pores become contracted, and a very much more dense mass is obtained, which becomes so hard 
that it will no longer take impressions, although it is still sufficiently soft to be cut with a knife, 
and when treated with water is again converted into clay with the ordinary properties. 

Exposed to the most intense heat that can l>e artificially produced, clay refuses to become liquid, 
and acquires at most a slight degree of flexibility. Its particles then cohere so strongly together 
that the burnt mass is hard and sonorous, although still porous enough to absorb water with 
avidity. Although it no longer falls to pieces, but retains its connected form, it will easily be con- 
ceived that the nature of clay must be very much modified by an &dmixturo of foreign matters 
possessing other properties. These foreign matters may either be constituted of undecomposed 
detritus of tho rocks from which tho clay itself derives its origin, or of others which do not belong 
to the class of substances which yield clay by decomposition. Tho character of these foreign 
admixtures causes great variation in the nature of the different clays, and gives rise to the various 
denominations by which they are known. The ingredients which most affect the qnnlity of tho 
clay are sand, iron, lime, and magnesia. 

The plasticity of clay diminishes with the amount of any one of these substances which it con- 
tains, os they are not plastic. • 

The quality is affected in the most marked manner by sand, somewhat less by liinc, and very 
little by oxide of iron. When clay contains iron and lime, the action of heat upon it ia very 
different : the silica, alumina, lime, and iron then form together a mixture similar to that employed 
in the manufacture of bottle glass, which melts in the fire with more or less ease, according ns it 
contains much or little of the two latter ingredients. Magnesia exerts less influence upon the 
character of tho clay ; the more quartz and silica enter into tho composition of the clay, tho less 
easy will it be of fusion, and an excess of iron or lime can be corrected by a large quantity of this 
ingredient. 

Fire-clay is commonly found in the coal-measures, at a great depth from the surface, but it not 
unfraquently happens that it lies on the top. Stephenson’s experience wbb with clay at some 
considerable depth, and lying (at Throcklcy, Newcastle-upon-Tyne) immediately underneath the 
coal formation ; its thickness varies according to circumstances, in some places 3 ft., and in others 
reduced to 18 in. As a rule, it is very strong and hard, and cannot be worked to advantage with- 
out the aid of gun|x>wdcr. It would be needless to recapitulate the ordinary working of a coal 
mine; but suffice it that the clay, on being raised to the surface, is laid out in long parallel heaps, 
say 20 ft. high, being 20 ft. wide at the bottom, ami tapering to f> ft. at the top. A series of ridges 
is thus formed, purposely, however, in order to collect as much rain and snow as possible, which, 
combined with the direct action of the atmosphere, soon reduces that which was at one time hard 
and retentive, to a soft, comparatively plastic state. Difference of opinion exists among manufac- 
turers as to the policy of adopting this system, inasmuch as to carry it out fully a very large capital 
is necessary, and which for the time being lies dormant. 

The sole advantage accruing in keeping so large a stock is, that it is more easily pulverized 
and reduced to powder, thereby causing a considerable saving in engine-power, laljour, ami expense. 
To carry out this method to its fullest extent, no clay ought to be used until it has been exposed 
to the action cf the elements for at least two years. After the clay is brought to tho works, tho 
first process is that of grinding; the most approved plan is that of two large stones, say 10 ft. in 
diameter and 20 in. wide, hooped all round with iron, and revolving slowly on a cast-iron pan, or 
bed-plate, which in some works is also made to revolve very slowly the contrary way to the stones. 
The rough clay from the pit being conveniently placed for the workman, is cast under the edge 
stones, when it is ground to a coarse powder, which falls through an open grating in the centre of 
the bed-plate, whence it is lifted in the sifting cylinder by an endless chain of buckets. Tho 
clay, as it passes down the cylinder, is serrated into two parcels ; the coarse, or that which is too 
large to admit of its being (Kissed through tho meshes of the cylinder, is returned by a long wooden 
spout to the mill, where it a second time is ground, whilst the fine particles are received into an 
endless belt composed of glazed sack-cloth, and conveyed into tho mixing pan, or pug-mill. 

Some manufacturers prefer allowing the pugged clay to lie and' siceut for a few days in a dork 
place, thereby giving greater ease and facility in working, the clay being rendered of a more plastic 
nature by the delay. Others remove it immediately from the pug-mill to be moulded into bricks, 
retorts, and so on. 

Brick moulds are made of various materials, some of brass, oast in four pieces and riveted 
together, others of sheet iron eased with wood in the two longest sides. Iron moulds are sanded, 
but not wetted. Copper moulds are an improvement on the iron, as they require neither sanding 
nor wetting, and do not rust ; they, however, are expensive, and do not last long, as the edges wear 
down very fast. 

5 G 
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The cost of moulding bricks Hours so small a proportion to the total cost, that it is questionable 
whether the application of machinery for this purpose in small works would effect any ultimato 
saving ; numerous inventions have been patented, but few of them can bo said to have proved suc- 
cessful. 

Tho moulding operation in the ordinary brick-worka is simpler than is the ease with any other 
kind of clay ware. 

The workman is supplied with a stock of clav (from the pug-mill) by his side, a table or bench 
before him, and two boys or helpers. The mould is larger in proportion than tho finished brick, 
owing to the contraction of tho clay in drying and burning; this, of course, varies under different 
circumstances, the tougher and finer the clay the greater the contraction, and rice versa ; in general, 
1 in. to the foot is the calculation for contraction, and the moulds must be made accordingly. 

The usual size of a brick is 9 in. long, 4$ in. broad, and 2$ in. thick. 

The mould itself only makes the four narrow sides of the brick, the one broad surface being 
produced by tho table which supports the mould, the other by a straight piece of wood, with which 
the workman removes away the exceas of clay, by drawing it straight along the upper edge of tho 
mould. To prevent the clay adhering to the mould, it is from time to time damped with water, 
which causes the moulded brick to separate from the mould without landing or loss of time. The 
operation is conducted as follows; — Tho workman throws a lump of clay with great force into the 
mould before him ; the mass, which has become flattened by the shock, is forced into the comers 
by one or two rapid strokes with the hand, and that which projects beyond the mould is taken 
away with the flat board, lly a sudden and peculiar twist of both hands, the workman deposits 
the brick from the mould on to a thin board previously placed before him for the purpose; one of 
the boys in attendance immediately places another similar board on the top of the newly-made 
brick, and thus carries it away between these two boards. Meanwhile, another brick is made as 
described, and thus the process continue* during tho hours of labour. Tho bricks are placed in 
long rows edgeways on the dry flats, a space equal to the thickness of tho board, say j in., being 
left between each brick, in order to give vent to tho steam generated in drying. 

The drying sheds or flats consist of long floors, say 90 ft. by 30 ft., with flues running tho whole 
extent of the building. It is desirable not to have tho length of these flues more than, say, 40 ft., 
in order to ensure a good draught without any additional coals being used. 

In most manufactories these drying flats aro so constructed that there is ample room or accom- 
modation for two days’ work ; in this case the moulders are never stopped, and are not required to 
remove their tables or benches from place to place. From thirty-six to forty-eight hours is calcu- 
lated quite sufficient for drying bricks ; so that while tho moulder and his boyB arc depositing 
bricks on one port of the flat a gang of men and boys aro engaged in clearing away the bricks from 
another part. 

The number of bricks which a workman can mould in a day of ten hours is always consider- 
able, but depends much upon the ability and strength of the moulder. With clay in good order a 
skilled workman can make 2000 to 2500 marketable bricks in a day. 

It is clear that the relative merits and value of fire-bricks depend upon their fire-resisting 
qualities, aud hence depend upon the proportion of silica they contain. 

In an analysis of several kinds of Newcastle clay, Dr. Kichardson found — 


Nos. 

l. 

2. 

1 1 

«. 

&. 

e. 

I. 

8ilica 1 

Alumina 1 

Oxide of iron 

Lime 

Magnesia 

Water and organic matter . . 

51*10 
31 -35 
4G3 
116 
1-54 
10*47 

47*35 
29-50 
913 
1-34 
0-71 
12 01 

48*55 
30-25 
4 06 
1-66 
1 *91 
10*67 

1 51-11 | 
30-40 1 
4-9i\ : 
1-76/ : 
trace 
12*29 

71-28 
17-75 ; 

2-43 

2-30 

6-24 

83-29 ' 
810 

1-88 

2- 99 j 

3- 64 

69-25 

1790 

2-97 

1-30 

7’58 


whilst the amount of silica in No. 6 is to the total amount of tho bases as 100 : 16, in No. 2 it is as 
100 : 85. These clays are mixed in different proportions, according to the object of the manu- 
facturer. 

Wben, therefore, it is desirable to procure a first-class article, a chemical analysis, although it 
cannot supersede an actual trial, may no of the greatest service, as the clays seldom or never corno 
up to what is required of them, and only acquire the requisite properties by certain additions, and 
the choice of these additions must, in tho first instance, be guided by the results of the chemical 
analysis; such additions are absolutely necessary, as fire-clay must not only be infusible in the 
fire, but must likewise not be subject to crack and fly. These properties arc most important. The 
chief cause of the cracking, or the contraction of the clay, must therefore be lessened by the addi- 
tion of substances which do not shrink themselves, and, on the other hand, do not impair the 
refractory nature of the clay. 

Pure sand and previously-burnt fire-clay are the Bubetances most commonly and appropriately 
used. 

The Process of Fire-clay Retort Making. — Referring to tho period when tho fire-clay has been 
drawn from the mine and undergone the process of weathering, that which is intended for retorts 
lias been kept separate for that pur|>o8e, while greater care and attention has been bestowed on it, 
in order to pick out any pk fl M of coal or iron with which it may have been associated. This, 
although seemingly on insignificant, is a very important part of the manufacture, inasmuch as a 
very small piece or particle of ironstone is sufficient to damage and spoil a whole retort, and thereby 
occasion considerable loss. 
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The clay having been thus thoroughly examined and approved, is next ground in a similar 
manner to ordinary fire-brick clay, excepting that the particles are not ground no fine (the average 
size of the meshes through which the olaj' pusses for bricks is, say 5 x C to the inch, whereas for 
retorts it is as large os 3 x 4 to the inch), and in order to render the retorts porous, a proportion of 
coke or sawdust, say f to 4 the weight of tike whole, is added to the fire-clay, and mixed up with 
it, both in the grinding and pugging process. The pug-mill, through which this retort clay pusses, 
is generally longer and wider tiian the ordinary brick -clay pug-mill ; or, instead of this, it is not 
unusual to pass the clny through two pug-mills, the one delivering into tho other, no as to ensure 
tho clay being well worked and of a projier consistency. 

The manufacture of cloy retorts was formerly carried on by machinery, but now tho same objec- 
tion may be said to exist against this method, as is the casts with regard to machinery for brick- 
making. Tho result has, therefore, been that retort-making by hand has now become the rule, 
and by machinery tho very roro exception. 

The hand bnilding is performed by small lumps of clay being pressed against the side of a 
mould or drum tho required shape, and this continued till a height of 8 in. or 10 in. is obtained, 
the walls being gradually built up according to two wooden guide*, the one of which indicates the 
thickness, say 2 j in. to 3 in., tho other the outward shujs* of the retort. 

Some clays are more plastic than others, and will consequently l**ar a higher or longer build- 
ing, but in general 9 in. arc sufficient at ouce, in order to ensure soundness and firmness. This 
process of building is continued uvery day, or as often as necessary, till any length of retort is 
obtained, the top end always Wing kept perfectly moist, to guarantee perfect adhesion throughout 
the whole. The fiats or sheds in which these retorts are made, are constructed in like manner to 
the brick flats, excepting that more height is allowed from the level of the floor to tho joists, to 
contain the longest retorts. Fires are constantly kept burning under the floor on which the retorts 
are being built, and this process of drying is perhnjwoneof the most important of the manufacture. 
If not carefully aud properly dried, cracks will show all over tho surface, the colour of the fracture 
will not be uniform, and the retorts essentially bod. 

It was stated that coke and sawdust were mixed with the clay in order to make the whole mass 
porous. To provide against the porosity of the retorts causing a loss of gas, a composition or 
mixture composed of about equal parts of unburnt and calcined fire-clay finely pulverized, with tho 
addition of os much water as renders it a consistency of thick paste, is applied day by day to the 
internal and external surfaces of the retorts, and well worked in (by the hand) to the body of 
the retort ; thus an even, smooth, and unbroken surface, free from cracks and flaws, is produced, 
aud the retort presents a uniform appearance throughout. 

The burning of tho retorts requires much care and attention, and generally continues for a 
period of ten to twelve days. The retorts being placed vertically on rows of bricks on the bottom 
of tlie kiln, the great desideratum is to procure a steady draught, the exclusion of atmospheric air, 
aud » gradually progressive heat. 

Opinions differ very widely ns to the best shape of clay retorts, the circular, oval, or elliptical, 
and Q, Wing those commonly advocated and in use, while the egg-shaped, or combination of round 
and oval, and the round curved a have each their supporters. In the leading metropolitan works 
the 15 in. round, and 21 in. x 15 in. oval, in settings of five and seven retorts in a bench, appear to 
bo in favour ; these retorts being from 18 ft. G in. to 20 ft. in length (open throughout, nnd charged 
at each end), are constructed in threo or four pieces to suit convenience. 

The comparative merits of clay and iron retorts is a subject which has attracted much attention 
from the gas engineering profession during the past few years. The results of numerous practical 
trials, comparing their relative durability, economy, and carbonizing power, have from time to timo 
appeared in the various serials devoted to the gas-light interest, and many facts worthy of attention 
have been elicited by the controversy respecting their comparative excellence. It may seem a 
matter of much surprise to those unacquainted with the details of these practical essays, that a 
substance apparently so friable and brittle in its nature as clay should have superseded cast iron to 
a great extent, and received tho highest encomiums from nearly every responsible source. Yet Buch 
has been the case, and this important reform, which but a few years ago met with many olwtruc- 
tions. in having to withstand a rigorous prejudice, has lately' keen gaining ground with great 
rapidity, and promises ere long to meet with universal approbation. 

/Inus Founding . — Pure copper is moulded with difficulty, because it is often filled with flaws 
and air-bubbles, which spoil the casting ; but by alloying it with a certain quantity of zinc, a 
metal is obtained free from this objection, harder, and more cosily worked in the lathe. Zinc 
renders the colour of copper more polo; and when it exists in certain proportions in the alloy, it 
communicates to it a yellow hue, resembling that of gold ; but when present in larger quantity, 
tho colour is a bright yellow ; and lastly, when the zinc predominates, the alloy becomes of a 
greyish white. Various names aro given to these different alloys. The one most used in the arts 
is brass, or yellow copper , composed of about $ of copper and £ of zinc. Other alloys aro also known 
in commerce, by the* names of tombac, similar or Mannheim gold, pinchbeck or prince's metal (chrysocalo), 
Ac. ; they contain in addition greater or less quantities of tin. 

Tombac, used for ornamental objects which are intended to be gilded, contains 10 to 14 per 
cent, of zinc; the composition of Dutch gold , which can be hammered into very thin sheet*, being 
nearly the same, Bimilor, or Mannheim gold, contains 10 to 12 per cent, of zinc, and G to 8 of tin; 
aud pinchbeck contains G to 8 per cent, of zinc, aud G of tin. The statues in the park of Versailles 
are made of tho following alloy ; — 

Copper 91 I Tin 2 

Zinc 6 I Lead .. 1 

The alloys of copper and zinc are altered by a high temperature, nnd a portion of the zinc is 
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volatilized. If brass be heated in a brasqued crucible in a forgo-fire, the zinc is nearly wholly 
driven off*. 

Biubs is made by melting directly copper and zinc ; rosette copper being used, fused in a cru- 
cible, and run into water to granulate it. The zinc is broken into small pieces. The fusion is 
effected in earthen crucibles which can contain from 30 to 40 lbs. 
of alloy, the metals being introduced in the proportion of f of 3()13 

copper and ^ of zinc, to which scraps of brass are added. A 
certain nu miter of crucibles are placed in an egg-shaped furnace 
A, Fig. 3013, lined with refractory bricks, and supported by a 
brick dome, having apertures through which the flame of the 
fuel passes, the grate F being immediately beneath the dome. 

The crucibles are introduced through tho upper opening of the 
furnace, which is covered during the smelting by a lid having 
a bole O for the escape of the gases. A register beneath the 
grate regulates the draught, and serves for the extraction of the 
crucibles. When the alloy is fused, tho crucibles arc removed 
with tongs; and the brass ran into clay moulds; and sometimes 
it is run between two very smooth slabs of granite, kept at a 
proper distance from each other by iron rads. 

Small quantities of lead and tin are frequently added to brass 
to make tho alloy harder and more easily worked ; brass which 
contains no lead soon chokes a file, which defect is remedied by 
the addition of 1 or 2 hundredths of had. 

Copper and tin mix in various proj>ortions, and form alloys 
which differ vastly in appearance ami physical properties, a a tin 
imparts a great degree of hardness to copper. Before the 
ancients become acquainted with iron and steel they made their 
arras and cutting instruments of bronze, composed of copper and 
tin. 


Copper and tin, however, combine with difficulty, and their union is never very perfect. By 
heating their alloys gradually and slowly to the fusing point, a largo portion of tho tin will separate 
by eliquation, which effect also occurs when the melted alloys solidify slowly, causing circum- 
stances of serious embarrassment in costing large pieces. 

Different names are given to the alloys of copper and tin, according to their composition and 
Uses; they are called bronze or brass, cannon-metal, bell-metal, telcSixipc-Sffcculum metal, *tc. All these 
alloys have one remarkable property; they become hard and frequently brittle, when slowly 
cooled, while they are, on tho contrary, malleable when they are plunged into cold water, after 
having been heated to redness. Tempering produces, therefore, in these alloys an effect precisely 
opposite to that produced on steel. 

When alloys of copper and tin arc melted in the air, the tin oxidizes more rapidly than tho 
copper, and pure copper may ho separated by continuing the roasting for a sufficient length of 
time. 

The following ore tho principal alloys of copper and tin ; — 


Cannon-metal, which in Franco is thus 


composed ; — 

Copper 100 .. 90 "09 

Tin 11 .. 0 91 

111 100 00 

Bell-mctal, which contains ; — 

Copper .. 78 

Tin 2*2 


Cymbal and tam-tam metal, composed of 

Copper 80 

Tin 20 

100 

Teleacope-gpcculum metal, made of ; — 

Copper G7 

Tin 33 


100 


100 


Bronze for medals varios slightly in its composition, and generally consists of; — 


Copper .. .. .. .. .* 95 

Tin 5 

Zinc .. some thousandths. 


Bronze used for the manufacture of ornamental objects generally contains larger quantities of 
zinc. A portion of the small French coin is made of alloys of copner and tin ; and although tho 
red sous consist of nearly pure copper, tho yellow sous coined under the Republic, from a metal 
obtained by melting the bells, contain on an average 8G of copper and 14 of tin. 

Cannon Ca*tin>i. — Gun-metal must fulfil several important conditions. It should be very tena- 
cious, tliat tho pieces may not hurst under the enormous pressure caused by tho explosion of the 
powder, while it should be sufficiently hard not to be injured by the hall, which strikes the sides 
several times before leaving tho muzzle ; and, lastly, it should he fusible, because largo guns can 
only he made by casting. 

Copper and iron are the only metals which possess sufficient tenacity; hut as pure iron will 
not fuse very readily, it is necessary to substitute for it cast iron, the tenacity of which is much 
inferior. Copper possesses great tenacity, hut is too soft ; and in rapid service would soon be so 
battered os to be useless. Recourse must then be had to alloys of copper with other metals ; and 
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long experience ha« shown that alloys of cooper and tin are the most suitable; but as, while tin 
greatly increases the hardness of copper, it diminishes its tenacity, it becomes necessary to stop at 
certaiu proportions of the two metals, at which the alloy possesses both the requisite degree of 
hardness and tenacity. These proportions, which have been determined by numerous experiments, 
made at various times and in different countries, have been iixed at 11 of tin for 1U0 of cop|>or. 
It has, however, been ascertained that for pieces of a calibre below 8, an alloy of 8 or 9 per cent, 
of tin is preferable. Many experiments have also been made to ascertain if the alloy could not be 
improved by tho addition of other metals, as zinc, iron, or lead ; but these complicated alloys havo 
all been rejected, on account of the great variation of their results ; and pieces were frequently 
rendered useless in consequence of the difficulty of obtaining such alloys homogeneous and of 
uniform composition. 

The use of cast iron for tho manufacture of cannon is long subsequent to that of brass. As it 
is cheaper, it might bo very advantageously substituted for bronze, but it is very brittle, and nieces 
of the same calibre must bo much thicker than of the latter metal, thus becoming too ponderous 
for field service. They are well adapted to stationary batteries, fortifications, coast defence, and 
ships of war. Cast-iron guns ring much less than those of bronze, and for this reason are prefer- 
able on board of ships, where brass pieces, on tho lower-deck batteries, would make a noise insup- 
portable by the gunners. Very soft cast iron, made with charcoal, should alono bo used for artil- 
lery ; aud some of the Swedish iron is highly valued for this purpose. 

The furnaces in which bronze is melted should contain no oxidizing gases, and the utmospherio 
air traversing them should be deprived by combustion, as far as possible, of its oxygen, because 
the tiu, which is more oxidizable than copper, would constantly separate from tho alloy in tho 
form of oxide, and the composition of the bronze, at tho time of casting, would not be known with 
oortainty. 

Figs. 3014, 3015, represent a melting furnace, used in tho cannon-foundry at Toulouse. It 
.is a circular reverberatory furnace A, with a sur based dome, heated by the gruto F, on which 
small billets of wood are 
burned. Tho wood being 
charged through the open- 
ing o, a thick layer of fuel 
is heaped on the grate, in 
order that the atmospheric 
air, which does not enter tho 
furnace until it has passed 
through tho fuel, shall bo 
completely deprived of its 
oxygen. Tho draught is 
regulated by four elongated 
working holes A, A, arising 
from the hearth-sole, and 
terminating at the vent- . 
holes eg y eg, which open 
into the chimney C, by 
means of which arrange- 
ment the flame is obliged 
to spread over tho metallic 
bath which covers the 
hearth -sole. Near the fur- 
nace are cavities M M', • 
lined with cement to pre- ! 
servo them from dampness, 
and in which the moulds 
are placed, and kept firm 
by heaping earth around 
them. The moulds, which are made 
of clay, cow’s-hair, and horse-dung, 
intimately mixed, are fashioned on a 
model in relief, purtly of earth and 
partly of plaster, which is destroyed 
when the mould is finished, and 
strengthened by iron bauds or loops. 

Above the mouth of the gun is a pro- 
longation, called tho mautiotUy or lump, 
the use of which will noon be explained. 

The moulds, after being baked at a 
high temperature, so as to dry them as 
much as possible, are fixed in their places, the breech being downward. Retween tho tap-hole i 
and the moulds, canals are made which convey the liquid bronze into each mould ; and above is 
a railway a 6, with a car R, containing a cupstan, by moans of which tho moulds, when tilled, 
cau be lifted out and carried away. 

Moulding saud, so well adapted to the moulding of cast iron aud other metals, has been sub- 
stituted for the earth with which tho moulds are made, but never with success, as the walls of tho 
•and mould are too compact aud too impervious to gases. Now, immediately after the casting of 
bronze, the metal disengages numerous gaseous bubbles, which pass through the porous walls 
of the mould, and present less resistance than the high column of melted metal ; while in the sand 





an 

K \ £ ~ — '• 

I—O G— 1 

J 

* .< » ■ 

-] - f 

1 1 J 

M 

\ - 


Digitized by Google 



1558 


FOUNDING AND CASTING. 


moulds, the gases not being able to oflrajie through the sidon, produce a constant bubbling in tho 
mass, giving rise to numerous flaws, and assisting the separation, by eliq nation, of the tin, or alloys 
rich in tin. 

The charge of a furnace is composed of old brass, chiefly condemned cannons, and mosselottee 
taken from pieces previously cast, with brass turnings taken from the lathe or the boring machine, 
and a certain quantity of new metals, copper and tin, besides white nvtah, or alloys very rich in 
tin, which separate by oliqtintion in the moulds. The proportions of copper and tin in tho several 
comj)onents being determined bv analysis, they ore mixed in the proportion of 100 copper to 13 or 
14 tin, which is reduced by oxidation of tin in the furnace to the normal proportion of 100 1 11. 

The condemned cannons and masselottes are laid on the hearth-sole, near the bridge, where the 
temperature is highest ; while the eopper, which should be very pure, in bars, and the turnings, 
are placed thereon, tho white metals and tin being added at a later period. In six or Beven hours 
the mass is almost entirely fused, and the thune escapes by every avenue. The smelter first stirs the 
material with sticks of very dry wood, and draws the portions which are not melted toward 
the bridge; after which he completes the charge by adding tho white metals and tin, which he 
runs in the form of pigs into different parts of tho both, lie stirs it- a second time, in order to 
render it homogeneous, and, after skimming off the superabundant scorin', closes tho door of the 
furnace, and blows up the fire, to bring the alloy to a proper state of liquidity, stirs and skims it a 
third time, and then opens the tap-hole. Other workmen direct the melted metal into each mould. 

A remarknble phenomenon ensues in a few moments after the casting. A bubbling takes place 
in the upper part of the mould, proportioned to the size of tho piece and the elevation of tempera- 
ture. ana a portion of the bronze rises in the form of a mushroom, being an alloy much richer in 
tin than tho cast mctnl. A partial cliqimtion therefore takes place during tho cording, which 
causes the separation of an alloy more fusible, and containing more tin. Tho composition of the 
piece itself is not uniform, as the proportion of tin diminishes from the breech to the upper part 
of the masselotte. The intention of the mnsselottes is, not only to exert considerable hydrostatic 
pressure on the lower strata of tho piece, but also to furnish metal necessary to compensate for tho 
contraction of the metal by cooling, and its loss of substance by elinuation. 

Twelve hours after the easting, tho earth is cleared away in ora or to hasten tho cooling of tho 
moulds ; and the latter are removed after forty-eight hours, broken, and the cast guns carried to 
the boring and turning shops. 

When the surface of the piece is turned, and it has been bored to a certain point, it is examined 
to ascertain if it be free front such defects as would vender it unserviceable. Huch defects are 
various, and called by different names; but they are nearly all produced by eliquation of the tin 
or very fusible alloys. 

f’lairs, or bMles, are cavities with smooth surfaces, produced by bubbles of gas which have been 
unable to escape ; while honeycombs are cavities with rough surfaces, arising from irregular distri- 
bution of the materials or badly-proportioned alloy; and tcorm-Ao/«s ore similar, but smaller, 
cavities. Cendruret are owing to impurities in the alloy, remaining in tho metal, or detached from 
tho sides of the mould; and tin-epota are produced by small, very hart! masses of an alloy con- 
taining 20 or 25 per cent, of tin, winch became separated by eliquation, and were unable to ascend 
as far as the masselotte. Blasts, or crack* (sifllets), which are longitudinal or transverse grooves, 
sometimes extending tlirough tho whole thickness of tho piece, are likewise owing to a separation 
of the tin. 

If the piece is found to be perfect, tho Iwring and turning are completed, and it is subsequently 
examined and proved according to tho regulations of the service. 

Tinning of rapper amt Brass , — The ust* of copper and brass for culinary purposes is dangerous, 
on account of the ease with which copper, on oxidizing by contact with the air and acid substances, 
forms very poisonous salts, unless the vessels art* lined with a coat of tin, which prevents the 
liquids from coming in contact with the copper. The tinning of copper ib effected by cleansing 
the pieces with ehlorohydrate of ammonia, and spreading, with a piece of cloth or tow, melted tin 
over tln ir surface when properly heated. The tin thus adheres to the copper, and covers it com- 
pletely. 

Pins are made of brass wire, and whitened by being covered with a thin coat of tin by the 
humid way. The pins are first cleansed by heating them in a solution of cream of tartar, and tlii-n 
placed in a copper oasin with a solution of cream of tartar and tin. The liquid is boiled for about 
one hour, when the tin dissolves in the cream of tartar with disengagement of hydrogen gas, and 
is precipitated on the brass of the pins, covering them with a very thin pellicle of metal. 

The Apparatus for Moulding Toothed Wheels , invented by G. L. Scott, Figs. 3010 to 3026, is 
designed to supply the means of obtaining accurato castings bv machine moulding, with a portnblo 
and self-contained machine of small cost, capable of being readily and quickly applied at any port 
of a foundry. 

The accuracy and perfection of the teeth of wheels are of great practical importance in all 
cases of gearing, and especially where large amounts of power are transmitted by them ; and it is 
requisite that the transmission of power should be uniform and continuous through the teeth of 
tho wheels, corresponding to the continued frictional contact of two circles rolling upon each othor. 
To maintain this uniform and continuous action in toothed wheels, all the teeth throughout the 
circumference of tho wheel are required to be precise duplicates of one another in form, size, and 
spacing ; and all to bo placed in a perfect circlo round the centre of the wheel. Should these 
conditions be imperfectly carried out, the essential continuous contact will be destroyed, and 
a serious intermittent knocking between the teeth will be caused, leading to the fracture of tho 
wheel, and risking a stoppage of the machinery. Any defective fitting of toothed wheels also 
involve* a waste of driving power from the irregular shocks in transmitting tho power; and os a 
consequence the wheel will not last so long in such a case, owing to the friction causing extra wear 
of the teeth. 
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In the earliest method of making toothed wheels, the teeth were chipped out by hand from tho 
solid edgo of the wheel, upou which they were act out and shaped to template. Subsequently the 
teeth were formed ou a wood model of tho wheel, and moulded from this model according to 
the plan in general use, involving the necessity of having a separate expensive pattern for each 
wheel that differs in form and pitch of teeth as well as in diameter. Tho result has been a vast 
collection of tooth-whetd patterns to meet the requirements of ordinary trade demands; and this 
stock has become so costly in tho expense of construction and of tho storage space occupied, that 
it has led to an objectionable limitation in the range of pitch of wheels, in order to reduce tho 
extent of the stock of patterns. Tho use of wood patterns for entire wheels involves further tho 
practical objection of liability to distortion, both in the general contour of the wheel and in eaeh 
tooth, owing to the irregular effects of expansion and contraction in the component jwirts of tho 
pattern, as well as the unavoidable risk of variation in tin* forms and dimensions of the several 
teeth, in consequence of tho different finish that each receives. The uncertainty, too, attending 
the drawing of an unwieldy pattern from its mould, and tho distortion of the pattern that occurs 
from its lying in damp sand lor a considerable time, are additional obstacles to the manufacture of 
u toothed wheel from the ordinary wood models with tho correctness that is desirable. 

The only method of overcoming these difficulties is by employing only a small segment as the 
pattern, and moulding the entire toothed circumference by repetition of this small (>ortion ; em- 
ploying mechanical means for lowering and raising it, and for g|«cing out the teeth round tho 
circumference of the wheel, so as to obtain the same certainty of accuracy throughout as is shown 
by a wheel divided and cut in a machine. 

The machine. Fig. 8019, is of two sizes, one for moulding wheels from 12 in. to 5 ft. diameter, 
and a larger size for wheels from 20 in. to 12 ft. diameter. The smaller machine is shown in Figs. 
3010 to 3026. Fig. 3016 shows an end elevation of tho machiuo, Fig. 3019 a side elevation, and 
Fig. 3020 a plan. 

3016. aoi i. 



A pedestal A, Fig. 3017, supports a centre pin B, which has a collar to Ijear upon the pedestal, 
and is provided with a projection that fits into a recess in tho top of pedestal, whereby it is 
prevented from turning in its socket. The spindle C is bored to fit ou the centre pin B, and is 
turned to pass up through the rest of the apparatus, which it supports, os shown in section in Fi|g. 
3021. Set screws placed in the spindle C are used to fix it firmly on the centre pin B, and this 
being secured in the pedestal, a continuous vertical centre spindle is thus obtained. Loose collars 
provided with set screws, and bored to fit the centre pin B, are used for tho purpose of elevating 
the apparatus above the pedestal A. in order the more readily to adapt it for moulding different 
breadths of wheels. One of these collars is shown at V in Fig. 3026, and they are of 1, 2, and 3 in. 
in thickness respectively. 

On the spindle C is carried the head D, shown in section in Figs. 3021, 3022, and in this head 
slide the radial arms E E, connected together at their front ends by the transverse niece F. which 
forms the bed for the vertical sliding ram G. Tho arms E K are secured to the head D in any 
required position by four square-headed bolts passing through slots in the arms and through ears 
coj*t on toe head ; these bolts being screwed up bind the arms and heat! firmly together. The 
spindle C being firmly secured in the pedestal forms a stationary centre pillar for the machine, on 
which the head D is free to turn ; and on the top of the spindle is keyed tho worm-wheel II, from 
which a connection is made to the arms E by the dividing apparatus, shown in Figs. 3016, 3019, 
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and 3020. This consists of a worm I gearing into tho wheel H, and the change wheels J J J, the 
uppermost wheel being on the worm-shaft and the lowest one keyed on the shaft K, which is carried 
by brackets on the arm E, and is provided with a loose collar acting as a bearing, so that the shaft 


3019 . 3021 . 



. 3022 . 

may be withdrawn for altering the change wheels when 
required. The swing frame L carrying the change wheels 
is sufficient for two intermediate change wheels if required. 

On the shaft K is fastened a spring handle M, which fits a 
slot in a disc that is divided to guide the workman in the 
number of turns to be given to the shaft. The traversing 
screw O is carried by brackets on the arm E. and passes 
through the nut N bolted to the head D, so that by turn- 
ing the screw O by the hand-wheel at the end the anus aro 
moved in or out, to suit the varying diameters of wheels to 
be moulded. 

On the slide-bed F fits the vertical sliding rnm G, which 
is held in by the cover R, shown in section in Fig. 3023 ; 
and a hand-screw 8 retains the ram in any required posi- 
tion. The bottom of the ram is bored to receive the angle- 
bracket T, which is secured in it by steady pinB ; and to this is attached the segment pattern IT 
in the whccl-tceth to be moulded. The ram is moved up or down by a hand-wheel Y, having a 



Digitized by Google 


FOUNDING AND CASTING. 


15G1 


worm gearing into a worm-wheel, on the abaft of which is a nulley Z ; from this pulley two 
chains pass in opposite directions, the one being secured to the bottom of the ram and tho other 
to the top, and kept always tight by means of two lock-nuts. An adjustable brass collar W is fitted 
on the ram, for indicating to tho moulder when the ram is sufficiently lowered. An eye-bolt is fixed 
on the top of the centre pillar C of tho machine, for attaching the foundry crane in order to 
remove tho machine. 



Tho process of moulding a wheel with this machine is as follows. A core box for the arms of 
the wheel is first prepared, and also two radial boards for strickling the form of the top and bottom 
of the wheel in the sand, which arc shaped to the profiles of the face and back of the wheel. The 
top board P, shown in Fig. 3026, has on its lower edge tho profile of the back of the wheel ; and 
the bottom board Q has also on its upper edge the counterpart profile of tho backof tho wheel, and 
on its lower edge the profile of the face. A pattern is also made of a segment of the toothed rim 
of the wheel, consisting of two teeth only, which permits of moulding one space at a time. 

A secure and steady foundation for the moulding machine is obtained by sinking in the sand 
of tho foundry floor in the desired situation the pedestal of the machine, which is bolted to a cast- 
iron base-plate about 4 ft square ; sand is then rammed solidly upon it and the pedestal levelled 
no as to be truly vertical. Another form of pedestal is shown in rig. 3018, which is used for fixing 
in tho sand without a base-plate. The top of the pedestal is placed about 15 in. below the floor 
level, this distance determining the greatest breadth of wheel that can be moulded. The centre 
pin B of the machine is then placed in the socket of the pedestal, for the purpose of forming tho 
mould for the bod of the wheel, and also to mould the top box or other arrangement used to cover 
the mould for casting ; the rest of the machine being laid asido for the present. 

In Fig. 3026 is shown tho loose collar V which is placet! upon the centre pin B, of such thick- 
ness that its upper face is the same depth below the floor level as the breadth of the rim of tho 
wheel to bo moulded ; so that the back of the wheel is level with the floor, for convenience of fitting 
the top box on. This lower collar V is fixed by a set screw, and an upper loose collar X is also 
fitted on the centre pin B by a set screw, with its upper face at the same height above the collar V 
as the breadth of the rim of the wheel ; the lower collar thus exactly indicates the level of the bed 
and face of tho wheel, and the upper collar that of the back of the wheel. The hole is then filled 
np with sand to the level of the upper collar ; and tho iron trammel carrying tho top board P is 
placed upon tho spindle B, and worked round upon the collar X, forming a mould of the back of 
the wheel, which is then sprinkled with parting sand to form tho parting for the top box. An 
ordinary top box or other sufficient covering is then placed on, and rammed up with sand ; and the 
box is then staked in the ordinary manner, for the purpose of marking its correct position rela- 
tively to the bottom part of the wheel, by stakes driven into the sand and fitting by the side of 
corresponding ears upon the top box. Tho top box is then lifted ofF, carrying with it the impression 
of the back of tho wheel, which impression is finished by turning the box over, and strickling it 
again with the second trammel that carries the bottom board Q. A centre is provided in the top 
box for this trammel, by means of a loose collar, in which are two bolts that pass through the 
top box and are fasteued across the bars of the box. This loose collar fits the spindle B, and is 
drawn from it with the top box, thus fixing a strictly aocurato centre. By this arrangement the 
centring collar can be readily fixed upon any ordinary top box, giving strict accuracy in the 
moulding, without requiring any special boxes for the purpose. 

For forming the bed of the mould the top collar X is then removed, and the mould being dug 
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out to tho level of the bottom collar V, the sand is strickled with tho bottom mdial board Q, worked 
round upon tho bottom collar V. This forma tho mould for tho lower and outer faces of the teeth, 
and finishes tho mould ready to receive the teeth and tho cores for the arras ; and as both tho back 
and the face of the wheel havo been struck from the same trammel and tho samo centre, accuracy 
is ensured in tho wheel. 

The segmental pottem of the teeth XT, Figs, 3024, 3025, is then fitted truly sqnare and central 
and secured by screws upon the angle-bracket T of the vertical sliding ram G, Fig. 3019. Tho 
upper portion of the machine is then placed ujkui tho spindle B, the trammel having licon removed ; 
and the fixing screws in the spindle are screwed up, to maintain the central axis continuous through 
the machine. The segmental pattern U is adjusted by tho traversing screw O, Fig. 3020, to the 
correct radius of tin* wheel, measuring from the top of the tooth to the centre of tho machine. 
The ram G is then lowered to the level of the bed of tho wheel, and secured at that point by the 
locking screw 8 ; and tho brass collar W is adjusted on the ram and fixed by a net screw, to ensure 
the ram always stopping at the same level, when lowered for moulding each successive tooth. Tho 
locking screw 8 prevents tho mm rising from the pressure of ramming the sand. One space of 
the wheel-teeth is then moulded by ramming sand in tho space left between tho pattern and the 
edge of the mould previously formed bv the strickle-hnard. The locking screw 8 being released, 
tho ram carrying the pattern is raised clear of tho mould, and is traversed round through the 
exact distance of the pitch of the wheel, by means of the dividing handle and the change wheels 
previously arranged for the required pitch. Tho segmental pattern is again lowered, and a second 
space moulded ns before. 

When all the teeth liave been moulded, tho fixing screws of the centre spindle are released, and 
the whole machine is then lifted away by the foundry crane laying hold of the eye-bolt on the top 
of the spindle, leaving the mould entirely clear to receivo the cores for tho nrtus and boss. Tho 
hole in the top of the |tcdcstal is fitted with a cover to keep out the sand, and is then covered over 
with sand, which protects the pedestal against tho action of the hot metal. Tho centre core for 
tho wheel is adjusted os usual from the circumference, and the cores for tho arms are set to their 
places by means of wood gauges showing tho thickness of the arms and rim. The top box is 
then put on, to cover the mould, being placed in its correct position by tho stokes ; tho runner is 
formed, tho box duly weighted, and the whole is ready for casting. 

yVhit\corth*$ Apparatus , Figs. 3027 to 3037, for subjecting steel to a high pressure during the 
process of casting. In casting some articles, such as hoops and other hollow forms, Whitworth, 
when using rams arranged to give a pressure to the melted metal in the mould, after applying the 
pressure for some time, and when the moss has boenme solidified, withdraws the internal resisting 
instrument, or core, to allow the metal to contract freely in cooling. In forming other articles, 
such as those of considerable length, Whitworth applies the pressure to the outer surfaces of tho 
mould, and makes the latter in sections, between which dried loom or sand is placed, so as to allow 
the air to escape, and to i>ermit of tho sections being brought closer together. Tho object of 
Whitworth is to obtain sounder castings, and to do away with the necessity for great “ heads ” of 
metal. 

In our illustrations, Fig. 3027 shows an elevation, and Fig. 3028 a vertical section, of the 
apparatus. Figs. 3029 to 3032 are horizontal sections, at the lines A U, G D, E F, and F G, in 
I igs. 3027, 3028, respectively. In the figures just mentioned, A is a cast block, having in its 
centre a cylinder B of steel, within which a plunger C works; this plunger, when water or 
liquid is forced into the cylinder B, raining the nun Q. D D aro two Bcrcw-colunms, tho lower 
ends of which are securely fixed through the casting A, whilst tho tipper parts above A havo 
thread* formed upon them, so that the cast block E may be supported in any desired position 
upon them by means of screw-nuts, 6, G, G‘, O*. Tho mould K F is of steel, in order that it 
may be of sufficient strength to sustain the great pressures to which it is subjected. This steel 
mould is secured in the casting E by a screw-nut F* ; within the mould is a filling piece J, which 
is of cast iron, and is securely retained by a nut J*. Within tho tilling piece J is tho lining H, of 
cast iron, perforated with numerous holes to facilitate the passage of air and vapour, or gust's ; and 
at the outer surface of this lining aro numerous grooves, m order that the air and gases, as they 
pass through the perforations, may get away freely. The interior of the perforated metal lining 
H has a lining or sand, loam, clay, or other refractory material, which is moulded in tho metal 
lining to the required form, and is then dried and put into position to receive the melted steel. 
The inetnl lining H is retained in its place by the turn-buckles or stops U IT, aud the casting E 
is arranged hi turn on one of the screws D L> as on an axis, so ns to come outside the press when 
it is desired to remove the article from the mould, and when introducing a fresh mould iuto posi- 
tion. K is a core, which is of metal, and is coated with eaml, loam, or other suitable refractory 
material ; the coating is formed separately from the metal core, and dried, and is then placed on 
the metal core, and is retained in its position by pins, together with the lower nose K* of metal, 
os shown. The upper end of the stem of the metal core K is fixed into the bar K\ which is fixed 
in the under-side of the piston It, the latter working in a hydraulic cylinder formed at tho upper 
part of the iron block or casting L. 

The stem of the core K is capable of sliding through the tubular plunger M, fixed, as is shown, 
to the casting L, and the lower end of this tubular plunger is formed of steel, and is faced with 
sand, loam, or other refractory material. It closes on the melted metal in the mould when tho 
costing L is lowered, ami resists the paeeing away of the metal when the pressure of the nun Q 
of the plunger C is applied to the bottom. The upper cylindrical part of the casting L is hoop'd 
with steel, and when of considerable dimensions it may lie lined with a cylinder of steel. The 
piston-rod If of the piston R has a screw-thread cut on its outer surface for the purpose of adjust- 
ment, according to the length of the core K required : and DO are two collars, secured, as is shown, 
to the upjMur or cylindrical part of the casting L. Tho piston-rod If is capable of sliding freely 
up and down through tho holes in the collars O O, except when locked by the screw-clip N 1 . The 
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block nr casting I. in *1*0, when not locked l»y the screw-clip* N N, capable of lining mi anti »r 
lowered on the upright screws D I). Tho screw-clip* N N and N’ 1 are each in two parts, which are 
capable of being moved to or from each other by li ft ami right hauded screws on the shafts 1* P 
and P*. The screw-shaft 

P* passes through tho slot 3027 ‘ 3W4 - 

in tho hollow piston-rod 
K 1 ; and against each sido 
of tho bearing //*, on tho 
casting L, it bus two col- 
lars, p* p‘, fitted on it, 
which prevent it being 
moved laterally through 
the slot. On the screw- 
shaft P 1 is n hand-wheel, 
by which that shaft is 
turned, and by which tho 
two parts of tho so row-clip 
N' N 1 are caused to sepa- 
rate or come together, and 
when together to lock tho 
piston-rod K\ ami prevent 
it moving through the col- 
lars O O. The left and 
right handed screw-shafts 
P have pinions l K fixed 
upon them, these pinions 
gearing with two wheels 
I’* P*, as shown. The 
wheels P 3 P 3 turn on axes 
fixed to one of tho two 
parts of which each screw- 
clip N N is formed, tho 
outer ends of these axes 
being connected together 
by a lwr, as shown. To 
each of the wheels P* a 
lever P 4 is fixed : these 
levers are connected by a 
rod r\ having its ends 
jointed to them, so that 
when one of the two levers 
P* is moved, it, by the con- 
necting rod P* gives motion 
to tho other lever, and 
consequently both their 
wheels are simultaneously 
rotated, and the two wheels 
in their turn givo simul- 
taneous motion to tho 
screw-shafts P, by means 
of their respective pinions. 

It is preferred that the 
block or casting L, and 
the part* connected with 
it, snould be raised and 
lowered os required by 
hydraulic power, but they 
may be moved by other 
apparatus attached to the 
eye-bolt 8. In the ar- 
rangements shown, tho 
pouring of the melted steel 
or iron into tho mould is 
intended to be performed 
before tho core is intro- 
duced into the mould, ami 
this is desirable where the 
sides of the hollow casting 
are comparatively thin, as 
is the case in casting 
hexagon shulls; but where 
the sides of the hollow 
article to bo cast ore of 
greater thickness, and where the pouring of the molted metal may be freely performed after the 
core is in its place in the mould, the core may be introduced into its position before pouring. 
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In using the apparatus, the melted steel is poured into the mould, and the block L is quickly 
lowered into |»otiitinu ; the screw-clips N N aro theu to bo locked, and the rain Q brought up by its 
plunger C, and the melted metal thus subjected to great pressure. When the metal has Deoome 
set, the metal core K is raised, and in rising it will become free from tho coating of sand, loam, or 
refractory material. The metal core K is lifted by admitting water under pressure to the sj»ace 
under the piston R, which piston is set free by unlocking the screw-clip N‘. The core K is raised 
up through the part M, which remains in |*»sition, so that the metal remains still compressed 
within the mould. In casting steel shells weighing 150 lbs., Whitworth finds the pressure should 
remain on about eight minutes before the core K is withdrawn. The lifting of the metal core K 
allows the cavity formed in the hot metal to contract in tho latter jxirt of tho cooling. The dis- 
tance between the nuts G and G',on the screws D I), is left greater than the depth of the block E, 
to allow of sufficient movement upwards whilst the pressure is being applied, and to prevent tho 
turn-buckles or stops U U being broken off, and the metal lining II pushed out. The mould F, 
and also the core shown in the engravings as being used with it, are suitable for casting hexagon 
shells, but other forms of moulds and ap|iamtus for casting other hollow bodies, such as hoops or 
cylinders, and others where cores are used, and where it is desired to have the power of with- 
drawing such cores whilst the casting of steel or iron still remains under pressure in the mould, 
may be employed in this press. 



Fig. 3033 shows an elevation of some of the principal parts of a press similar to that already 
described ; Fig. 3034 a vertical section of it ; and Figs. 3035 to 3037 show vertical sections of the 
parts taken at right angles to the section shown at Fig. 3034. The mould here shown is suitable 
for casting an ingot under great pressure, there being no central core, as in tho arrangement just 
described. The mould F, which is of steel, is suitable for chill-cast ingot* of the form shown. 
F 1 F* are the movable top and bottom parts of tho mould ; tho part F is made with inclined 
sides, and is received into the block or casting E, which is retained in any desired jxwition on the 
screws D, by tho screw-nuts G G' ; the part F* of the mould is carried by the ram Q, actuated by 
the plunger C in the hydraulic cylinder. The part F 1 of the mould is not made so long as the 
parts F F*. in order to leave spaces at the end open, through which tho melted inetal is poured, 
and the mould on this side is made complete by tho two parts F* F*. The parts F\ F*, and F* 
are coated with baked sand or loam, and such may be the case when required with the sides of 
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the mould, and where nocessnry provision is to bo made for the getting away of the air and gases, 
as before described ; these coatings of sand prevent the sudden chilling of the metal, and enablo 
smaller ingots to be cast and pressed than would otherwise bo possible. In using this arrange- 
ment of moulds, the melted metal having been poured in, the block or casting L is lowered, and by 
this means the upper purt or side of tho mould is made complete ; the screw-clips N are then 
locked together, and tho part F l being pressed on by the part M, the hydraulic plunger C is then 
put into motion, and pressure applied to tho fluid metal in the mould. When the article is set 
and sufficiently cooled, the clips N are unlocked, and the parts connected with tho block L raised, 
and then, by a further motion of tho ram Q, the mould and ingot may lie lifted out of tho block E. 
Either, or both, of the top and bottom surfaces, F 1 and F*. may bo octuatod by hydraulic or othor 
power ; when both are so actuated, they should be simultaneously caused to approach each other. 
In this manner various forms of solid castings mnv be produced, the moulds being formed accord- 
ingly, such, for instance, as cranked or other axles or shafts, the connecting and othor rods of 
steam-engines, and other similar articles ; and wheu the length is considerable, the movable sides 
of tho steel moulds used may be actuated by several hydraulic rams. No rule can be given as to 
the extent of pressure which may he most advantageously applied in all cases, as the thickness, 
quantity, and quality of metal acted on vary so largely, whilst the forms of the articles to be cast 
also differ very largely. Careful observation, however, on the part of tho workman will enablo 
him quickly to judge. 

It may, however, be desirable to remark, that where the metal in the interior of a casting is 
found, on cutting or removing tho ends or other parts, to have formed itself into irregular crystals, 
it has not been subjected to sufficient pressure, or the pressure has not been continued for a suffi- 
cient length of time. The character of tho metal of such a casting, if of steel, may be improved 
and rendered more uniform throughout by heating it to a moderate red lient, and then subjecting 
the casting to further pressure, either on end or lengthwise, or both, according as it may bo desired 
to contract or extend the length ; this heating aud subsequent pressure is also advantageous in 
removing or breaking off the very hard coating of sand, loam, or other refractory matter employed 
on the surfaces of tho moulds. 

By applying the pressure in tho manner described, by referenoo to Figs. 3033 to 3037, to tho 
whole length of the article which is being produced, the pressure may be maintained uniformly on 
every part until the operation is complete; whereas with plungers acting at the end or on compara- 
tively small parts of the surface of the article, this is not the case, the pressure then ceasing to be 
uniform wheu the metal is no longer fluid. 

Whitworth remarks that in subjecting fluid steel or iron to very high degrees of pressure in 
steel moulds, and at the same time cooling it in them, it is of importance that the amount of tho 
pressure applied should always exceed that produced by the shrinking or cooling which is simul- 
taneously going on ; or in other words, tho pressure applied should bo sufficient to overcome the 
counteracting forces resulting from the rapid cooling of the surfaces of tho article, and the slower 
cooling of the interior metal, bo that tho atoms are caused to approach each other by the pressure 
more rapidly than the counteracting forces can separate them. 

Gisfon and t'aqg'M Type-founditnj Machine, Figs. 3038 to 3040. — This invention relates, first, to 
breaking off the lump or niece of superfluous metal that is cast with and adheres to tho body of 
the type when discharged from tho ordinary moulds or machines, and which lump or piece 
of superfluous metal is usually broken off from the type l»y hand ; and, secondly, to tho arrange- 
ment of apparatus for rubbing the sides of the cast type and thereby removing th$ burr or rough 
edges at the angles of the body of the type. 

Figs. 3038 to 3042 show two arrangements for effecting the severance of the lump of super- 
fluous raotal from the body of the type. 

Figs. 3038, 3039, are side and front elevations of this machine; tho movable half of the mould 
being thrown up out of action the better to explain the construction of the parts. A is tho fixed 
die or half of the mould, and B the movable die or half thereof. Tho movable die is attached to 
a swinging arm 0 having its fulcrum at C 1 ; affixed to the nnn C is a bracket a, on which is 
mounted a hook-shaped rocking plate b . To the forward end of this plate is connected a finger e, 
which slides in a guide formed for it in the bracket-arm a. The object of this finger is to advance 
at a proper time and move over the gate or entrance of the mould, and assist in severing the lump 
from tho type. When tho mould B is brought down into position a curved and cranked bar D 
will enter the recess formed in the hook-sh&|>cd rocking plate b. This curved bar is secured by 
a bolt to the slotted arm of a crank-lever E, the other arm of which enters a slot in a rock-lever F 
furnished with a roll that lies in contact with a cam G. The rotation of this cam will give a 
rocking motion through the levers F and E, and the cranked curved bar D to the plato A, and 
thereby cause it to move the finger c to and fro in its guide. The bar D is curved to allow of the 
tyitff-moulds when closed being rocked towards the metal supply cylinder to receive the jet of metal 
without the position of the plate b being affected thereby. When tho type-mould is being closed 
the finger c will be drawn to its backward position clear of the surfaces of the moulds, and in that 
position it will remain until the dies open. As the upper die rises it will carry with it the cast 
type, suitable provision having been made in that dio to secure adhesion, and the finger c will be 
pushed forward over the lump as shown at Fig. 3039. So soon, however, ns tho upper dio B rises 
to tho position shown in Fig. 3038 the bead of tho type by projecting will come in contact with a 
shoulder e on the stationary die, and tho lump nr superfluous metal Ix ing retained in the die by 
tho finger c, the type when hard metal is used in the casting will bo broken off and discharged 
from the die into a suitable receptacle below. The finger c will then be withdrawn and the waste 
end or lump will fall from the die. From this explanation it will bo understood that the severance 
of the waste metal from the body of the typo will bo effected by an automatic operation. 

Another mode of effecting this object, and designed chiefly for use when soft type-metal is 
employed, is shown at Figs. 3040 to 3042. The action of this modification may be best described 
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as a shearing off the superfluous or waste metal. The divided gate of the mould instead of l»eing 
formed with the dies as usual is made separate and capable of on independent motion. Fig. 3040 
is a side view of a mould constructed according to this modification, and Fig. 3041 is a plan view 
of the lower die, and Fig. 3042 a partial top view, showing the levers for operating the gate. 

«, «•, are the top anil bottom dies, and !», h*, the parts that form the gate. They are jointed to 
the dies, and upon the part b bears an adjustable screw e, which is carried by a rock-lever <i. The 
tail end of this lever is borne up by a lever e, which may be operated in any convenient way 
according to the construction of the machine to which the apparatus is to be fitted. The part £»• 
is formed with a projection in the under-side of which boars a spring /. When a type 1ms heed 
cast by the injection of the metal through the gate as usual the lever d will be rocked by the 
lever e, and the gate will thereby Ihj forced down, taking with it the lump or waste piece contained 
therein ; tho ton die will then rise, lift out the type from the bottom dies, and discharge it m 
before deecrilxd, while the waste piece falls out of the gate by its own gravity. The part forming 
the lower half of the gato will be thrown up into position. 



The second part of tho invention, which relates to an api>aratus for effecting tho rubbing or 
finishing of the body of printing tvpos, which operation has heretofore been effected by hand- 
labour, is shown in several views, Figs. 3043 to 3040. Fig. 3043 represents the apparatus in 
longitudinal elevation; Fig. 3044 is a plan; Fig. 3045 is a cross-section taken in the line 1,2; 
and Fig. 3040, a cross-section taken iu the line 3, 4. of Figs. .*1043, 3044. In them* views A, A, is 
the main framing; B. a V-shaped guide for supporting two vertical slides C aud D, the uses of 
which will be presently explained. E is a sliding table, which has a slow end way motion imparted 
to it, and to which is securely Attached a bracket-arm E*. At F a stationary file is represented 
secured to the main framing A, and intended to receive the types as they are feu into the machine, 
and finish on one side. The opposite side is in like manner finished by a file surface carried by 
the slide D. Mounted on guide-pulleys, on the extremities of the bracket-arm K‘, are vulcanized 
rubber bauds «,s, which form a kind of endless apron for receiving the type to be operated upon. 
This tm shown in Fig. 3044, is laid across the bandB by an attendant, nnd by the rotation of tho 
bauds the types are carried forward until they are brought under a vulcanized rubber roller 6, 
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which passes the types forward under a fixed plate e, the hinder types prating forward the forward 
ones. When the foremost type has ooroe in a lino with the file P it is pushed on to that file, the 
end of the file Wing made smooth to permit of its sliding off freely. This end way motion of tho 
type is effected by a finger tf, projecting from a slide d\ which is actuated through the instru- 
mentality of a roll d* t carried by the slide 0, on which slide is 
also mounted a pressing |wnl <■ that now’ comes down upon the type, 
T1 and holds it in contact with the file F, while by the hack traverse 

U of the slide C it draws the type towards tho rear end of the file, 

II and finally discharges it on to a stationary padded table /. Tho 

nW elide C now moves forward again to effect, through its roll <1*, tho 

discharge of a second type on to the file F. Simultaneously with 
Hi the forward movement of this slide C moves the slide 1), which 

BJ carries the file surface for operating upon the upper sido of tho 

*Jw s — — — | type. In passing tho table / this slide rubs the type lying thereon, 

® | it being kept in position by the end of the file F, which presents a 

vjl IT shoulder that it cannot pass, and by this means the upper side of 

Tl the type is nibbed or finished like the under side. Mounted in a 

nl B bracket-arm attached to tho rear end of the elifle I) is a rotary 

'A L brush G, which now, through the continued forward traverse of tho 

I nj*r* — Air* slide, comes over the finished type, nnd by its rotation brushes 

• away the dust made by the fib.*, and also discharges the type on 

to a leather shute or receiver H, from which it may be taken up by 
hand. 

L_J I is tho main driving shaft, furnished with fast-and-looso 

driving pulleys K K, for receiving motion through a strap from 
any prime mover. On this shaft I is keyed a bena-pullev I’, from 
which proceeds a band P over guide-pulleys » i », and a double guide- 

pulley »*, mounted on 
a bracket attached to 
tho main framing. 
\ This baud I* passes 

once amund a pulley 
g on the axle of tho 
traversing brush G, 
) ) then forward to a fixed 

- guide-pulley A, back 

k ‘ ^ to the pulley and so 

f to the driving pulley 

I'; by this means, 
' therefore, rotary mo- 

tion is communicated 
to the brush G. From 
tho double pulley »' a 
band k posses to a 
pulley k x y keyed to n 
vertical screw-shaft A*, 
which rests in n foot- 
step, and is supported 
at its upper end by r 
bracket from tho main 
framing. Tho screw 




of this abaft works into a worm-wheel 6‘, keyed to the shaft of the vulcanized rubber roller \ 
which, as before stated, takes the type from the bauds a a, and passes them forward under tho 
guide-plate c to the front end of tho filo F ; the rotation, therefore, of the screw-shaft gives, 
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through tli© worm-wheel ft 1 , a alow rotary motion to the roller ft. The rotation of the band* a ia 
obtained from a band-pulley on the end of the worm-wheel ft' by mennH of a bam! a 1 , which naase* 
over and drive* a pulley keyed to the short shaft a*, on the opposite end of which is keyed the 
outer pul lev for receiving the bands a. The inner pulley, which keeps these bands at tension, is 
shown at «*, Figs. 3014, 3015. The traverse motion of the slides C and D is obtained from the 
main driving shaft I, through a connecting rod C\ jointed at its forward end to the slide C, and at 




its rear end to a poised crank-arm C* on the end of the shaft I. A metal strop connects the slides 
C and D together. For giving the motion to the linger d which pushes the type on to the file P, 
the roll dP, as it moves forward, is caused to enter the forked arm </* of a crank-lever carried by 
a bracket-arm d*. The arm <P of this lever carries a crank-pin, which works in a fork projecting 
upwards from tho slide d 1 . As, therefore, the roll d 1 traverses within the forked arm, that arm 
will lie caused to rock, and thereby traverse the slido d 1 in its guides, and thrust forward the 
finger d at the proper time for discharging the typo on to the file surface F. In order to bring 
down and retain the pad < in contact with the type on the file surface while travelling back with 
the slide C, the pad is mounted on a sliding stem c 1 , which works in a guide fixed to the slide C. 
Hearing on the upper end of this stem is an adjusting screw carried by a rock-lever c*, which has 
its fulcrum on the guide-bracket ; jointed to the opposite end of this rock-lever is a sliding bar c*, 
working in suitable guides on the slide C, and jointed to tho lower end of this sliding bar is a 
‘ tumbling piece which carries at its lower end a small friction-roll. This roll works over a 
raised bar <*, on the main framing, and duriug the forward progress of the slido C the tumbling 
piece is drawn loosely over the bar. When, however, the back traverse commences, the tumbling 
piece will be forced into an upright position, thereby driving up the sliding bar r*, the effect of 
which will l>e to press down the adjusting screw of the rock-lever c* on to the stem t l of the pad r, 
and thus depress tho pad e, and cause it to press upon the typo last pushed forward on to the file 
surface F. The continued backward motion of the slide will enable the pad e to draw the type 
over the file F, as before mentioned, and discharge it on to tho table /. Having effected this 
operation, the pat! will be caused to riso by means of a coiled spring surrounding its stem, the 
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tumbler meanwhile having arrived at the end of tho raided bar c*, and thereby removed tho 
upward thrust from tho rook-lover, and allowed the Bpring to act. A similar motion to that 
described for the pad t is imparted to the table /, for tho purpose of pressing the typo up against 
the tile surface carried by the slide I), which surface, as before mentioned, operates upon and 
finishes the upper side of the type. This table / is carried by a vertical stem /*, and is held down 
by a coiled spring. An adjustable screw, carried by a rocfc-lever /*, having its fulcrum on the 
stem-guide which is attached to the main framing, serves to press up the table when required. 
This rock-lever /* is itself operated by a rock-lever /*, Fig. 8043. which enters a slot in the 
lever /*, and cnrriea at its other end a roll that bears a cam f* on the driving shaft. The ful- 
crum of the lover/* is carried by a bracket jiendent from the framing A, and as the lever is rooked 
by the cam it will raise the table /, and keep the typo in contact with the rubbing surface of the 
passing slide D. When, however, that slide has acted, the rock-lover will allow the table to fall 
into the position for receiving another type. 

In order that tho successive types may take different lines of traverse over the file surface F. a 
continuous lateral motion is given to the table E. This is effected by mounting it on guides, and 
connecting it by a link /, with a vertical crank-shaft f 1 , carried by the main framing. At the lower 
end of this shaft is keyed a ratchet-wheel /*, into tho teeth of which takes a click which is carried 
by a loose arm /*. As tho slide C moves forward, it strikes against this arm, and causes the click 
to drive round tho ratchet-wheel a certain distance ; a spring when tho slide retires, throws 
back tho arm to its quiescent position. This action being repeated, the crank-shaft will be caused 
slowly to rotate, and thus shift each successive type into a different position relatively to the file 
surface F, thereby causing each jiortion of the surface to act in turn upon tho successive types. 

flee Alloys. Assaying. Bla^t Furnace. Furnace. Gearing. Moulding. 1‘is-mamm; 
Machine. Reagents and Flexes. See also articles on the various Metals. 

FOUNDRY. Fr., FomUrie ; Ger., Qimeni ] Ital., Awfark; Stan., Taller dr fundition. 

A foundry is a building arranged and fitted for casting metals. See Founding and Casting. 

FRICK’S METAL. Fa, JMal t le Frick ; Geb., Frick 'aches Metall. 

See Alloys. 

FRICTION. Fb., Frottement ; Ger., Reihung ; Ital., Atlrito ; SrAN., Friction ; rozamimto. 

Wo usually distinguish two kinds of friction. One, called friction of Biding, is produced when 
bodies slide one upon tho other, whence it result! that the primitive points of contact are found 
ceaselessly at distances respectively different from new points of contact, which is expressed in say- 
ing that they havo experienced displacements, relatively unequal, and in opposite directions. The 
second kind of friction , improperly called rotting friction , takes place when bodies roll one upon tho 
other, when the distances of tne new points of contact from the old are the same upon both bodies, 
and when the relative displacements are equal. As the word friction implies, generally, tho idea 
of sliding, aud not that of rolling, it will be proper to admit only one kind of friction, that of sliding, 
and to designate the other by the name of resistance to rolling. 

Africp of Ancicat Experiments. — The first experiments known upon the friction of sliding are 
due to Amontons, and are inserted in tho Memoirs of tho Ancient Academy of Sciences, 1699. 
This philosopher knew that friction was independent of the extent of surfaces, but he estimates 
its value at a third of the pressure for wood, iron, brass, load, &c coated with lard, which is far 
too much. 

Coulomb in 1781 presented to the French Academy of Sciences, experiments made at Rochefort, 
and much more complete thau those of Amontons. The apparatus he used consisted of a bench, 
formed of two horizontal timbers 6 ft. long, upon which a sledge loaded with weights slid by tho 
action of a weight suspended to a cord, which, passing over a fixed pulley, was attached horizontally 
to tho sled. 

By means of this disposition, Coulomb nt once determined the effort necessary to produeo motion 
after the bodies had remained some time in contact. This is what he called the resistance or 
friction of departure. He saw that this friction was proportional to the pressure, and he expected to 
find it composed of one part proportioned to the extent of tho surface of contact, which ho termed 
adhesion — and of another part independent of this surface. He then sought tho value of friction 
during motion, and for this effect he observed, with a stop-watch of half seconds, tho time employed 
by the sled in running successively the first 3 ft. and the next 3 ft. of its course. 

But as in these durations, sometimes emial to 1" or 2", he might bo mistaken by a half second nt 
the end. and also at tho commencement of tho experiment, there resulted very great uncertainties 
which did not admit of establishing his conclusions in a positive manner, and we may say he rather 
conjectured than observed the laws which ho inferred from his experiments. Still he admitted that, 
generally, friction during motion is ; — 

■ 1st. Fraportional to the pressure. 

2nd. That it is independent of the extent of the surfaces of contact. 

3rd. That it is independent of tho velocity of motion, with some restrictions, which subsequent 
experiments did not confirm. , 

Coulomb also first established the fact, that for compressible bodies, the friction at starting, or 
after a contact of some duration, was greater than it was after the first displacement. 

Experiments nt Metz. — Tho uncertain observations, and the restrictions adduced by Coulomb, 
and above all the more general use of metals iu the construction of machines, called for a new series 
of experiments, which Morin made at Metz, in 1831, ’32, ’33, and *34, by inruns of new processes. 

Summary Description of the Apparatus used. — In tho smelting yards of this ancient foundry, upon 
a flAg-stone foundation, and at the side of a trench, Fig. 3047, was established a horizontal l>cd, 
composed of two parallel oak beams A A, 0*98 ft. square, and 26' 24 ft. long, connected and supported 
by sleepers 3'28 ft. apart. These beams, which jutted about 4 '26 ft. beyond the edge of tho 
trench, were connected with four uprights B B, between which was placed a platform F F, which 
bore the pulley for passing the cord, to which was suspended the motivo weight, placed iu a box K. 

5 u 
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This cord was fixed hor izon tally to a sled D, charged with weights, under which was placed the body 
to be experimented upon. 

The onrd, instead of being attached directly to tho sled, was fastened to the front plate of a 
dynamometer with a style, whose flexure measured the tension of the cord, both at its starting and 
during its motion. 



The axis of tho pulley had a copper-plate H, perfectly smooth and covered with a shoot of paper. 
Opposite this plate, clockwork communicated uniform motion to a style, formed of a brush filled 
with India ink, whose point described a circle 0*459 ft. in diameter. The parallelism of the plane 
of the circle, ami that of the plate, was also perfectly established by precise methods, and the contact 
of the brush was produced or interrupted at will. 

Upon the box K may be placed two others for holding weights, which, after producing tho 
motion, may at a certain height be stopped by cleats, so that the motion continues only in virtue 
of the load and weight of the box Q. By this means, we may at will obtain, with the box Q alone, 
an accelerated motion, and with the three boxes, a motion at first accelerated, then uniform or 
retarded, according as the weight of tho box is sufficient to overcome the friction or is inferior to 
this resistance. 

Examination of the Graphic Results of Experiments. — From the synchronism of the two motions, 
the one of tho style Wing uniform and with a known velocity, and the other unknown, correspond- 
ing in a constant ratio with the spaces described by the sled, there must result a curve whose 
abstract will give us the law of the motion of the sled. We may then, by this abstract, form a table 
of spaces described, and of tho corresponding times, and construct a curve whose abscissa) are the 
spaces, and whoso ordinates are the times. The curves thus constructed are perfectly continuous, 
and we see, as has been indicated, page 5, that they are parabolas, that is to soy, their abscissa; are 
proportional to tho square of their ordinates. 

From the fact of this curve being a paral>ola, we are justified in the inference that the motion 
is uniformly accelerated. Now, the motive weight being constant, the motive force producing the 
acceleration of motion is tho excess of this w'cight above the friction, and since this excess is con- 
stant, it follows, necessarily, that the friction is constant and independent of tho velocity. 

Experiments repeated with all tho bodies used in the construction of machines, with or without 
unguents, having always led to the same consequences, we arc authorized in regarding this law as 
general, at least within the limits of the velocity of observation; that is to say, of about 11*5 ft., 
and in the assumption tliat the restrictions which Coulomb anticipated have no existence in reality. 
See p. 1315. 

Formula employed in Calculating the Results of Experiments. — Tho apparatus which we have just 
described affords a simple example of a machine in which tho motion is variable, and enables us to 
apply the general principle's which we have previously pointed out. Wo toko advantage of it to 
show tho method of procedure in similar cases. 

We call P the weight of the descending box, including its load and that portion of the cord 
which hangs al ways under the pulley, neglecting, however, the quantity by which it is increased in 
its descent, which seldom exceeds 2 lbs. ; T tho tension of the horizontal atrip; q = 13*79 lhs., the 
weight of tho pulley. 

V, the angular velocity of the pulley at the instant considered. 

c, tho quantity by which the velocity varies in an element of time t. 

I = *04551 the moment of inertia of the pulley and of the pieces turning with it. 

/ = 0*164 a ratio determined by special experiment*, of the friction to the pressure, for tho iron 
axle of the pulley and tho ash-wood cushions greased; R = 0*032 T the rigidity of the twisted 
cord, determined also by especial experiments. 

N the pressure of tho axJu of the pulley upon the journals. 

r tho radius of the pulley! 

r' the radius of its journals. 

If we refer to the principles upon the motion of variable rotation, pp. 43, 103, 303, 1349, wc shall 
see that at each instant of the motion of the pulley, the sum of the moments of the exterior forces 
must bo equal ty the sum of the moments of the forces of iuertia. 
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Now, the sum of the moment* of the exterior force* iaPr — Tr — Rr — /Ny. The sum of the 
momenta of the forces of inertia answering to a velocity r, of angular velocity ia caaily found ; for, 

one of these forces, relative to a molecule of tho mans m, situated at a distance r, being m. 9 -±p , its 

moment in respect to the axis is m r,* - , and the *um of the similar moments is I , for all parts 
turning around the axis. 

Per 

The moment of inertia of tho weight Pi* - -y- r, and must be added to tho preceding ; we have 
then, at each instant of variable motion of tho pulloy, the relation 

■v 

Pr-Tr-nr-/Nr'=I^ + ?!lI r . 

* 9 ‘ 

The pressure N upon the axle of the pulley being the resultant of two perpendicular forces, tho one 
horizontal equal to tho tension T, the other vertical and equal to the weight P of the box, increased 

by the weight of the pulley, and diminished by tho force of iuertia - > which is developed in the 

acceleration of the vertical motion of the weight P, and is opposed to its acceleration ; we have then 


N = V (y + , - E Y)’+ T 1 - 


Now. according to an algebraic theorem of Poncelet, the value of a radical of the form J a* 4- 6*, in 
which we know beforehand that a >6 is given to nearly A by the formula 0*9t>t* -f 0 4 b. In 

P r r 

applying it to the caao in hand, where we have always P + 7 -y > T, sinco tho weight P 

exceeds the resistance T and tho friction of the sled, we have to ^ nearly 

N = 0-96 |p + q - ^ + 0-4 T. 


The relation of tho equality of moments becomes then, in making R = 0*032 T, 

Pr-Tr-0-032Tr-0-96/V{p + 9 - - IlT\ - O ifr'T = 

\ g t I ' rt g t ’ 

and in deriving from this equation of tho first degree the value of T, the tension of the horizontal 
strip of the cord, we find 

T {l + 0-032 + 0-4 -^ = p{l-0-96^} — 0-96/, ~ — ^ ^- r |l — 0 96 - I 

In substituting for the known quantities their values, which are 


/ = 0*104, r' = 0*030512 ft., r = 0*30417 ft, I = 04551, 
whence ^ = 0*34317, we have for tho practical formula which gives tho tension T, when we know 

tho weight P of the boi, T = 0 05 {P-(-34«85 + - 0-1733 lb. 

When experiment has demonstrated that the acceleration ~ is constant, and the abstract of 
the curves, in giving their equation T* = 2 C E, shall have furnished for the acceleration the value 

r. p l 

-y = ^ , in calling 2 C the parameter of the parabola, we shall have all the elements required to 
calculate the value of the tension of the cord in the experiment. It will be 

T = 0-95{p-(-34685 + ?)i}- -17581b. 


When tho motion is uniform the acceleration ~ = is zero, and tho above formula is roduoed 

t b 

to T = 0*95 P — 0*1753 lb., or simply T = 0*95 P, on account of the small value of the second 
term *1753 lb. 


In extracting directly from the curves of tension of tho dynamometer, tho values nf T relative 
to more than forty experiments, iu which the loads have varied from 2t» to 200$ lbs., wo have found 
that the ratio of the tension to the load, thus furnishing a direct measurement, wu* at 0*90, which 
shows tiiat all the data introduced in the above formula leads to a result which accords with this 
measure, within very satisfactory limits of correctness. 
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Relations brtirrcn the Tension of the Cord and the Friction of the Sletl . — Knowing the tension of the 
coni T, by menus of the dynamometer, or having calculated it by the preceding formula, it is quite 
easy to deduce the value sought, of the friction of the sled, in applying directly the principle of 
action equal and opposite to reaction. In fact, the tension T, and the friction nought F, are two 
external forces with opjiosito directions, whose difference T — F produces the motion of acceleration 
of the sled. On the other hand, the resistance which the inertia of the weight Q of the sled opposes 
Qr.r 

to this acceleration is — • 

9 * 

Wo have then for the equality of action and reaction, T — F = — = — . 

9 * 9 


• whence 


f = t-2.I. 

9 C 


When, by direct observation, or by tho formula of the preceding number, wo shall have deter- 
mined tho tension of the Cord, we must for the value of the friction subtract from it tho quantity 

— ~ , easily calculated when we know by the abstract the jwimmctcr 2 C of the curve of motion. 

9 v 

Such is the method which was adopted for tho calculation of all tho experiments where tho 
motion was accelerated ; as for those where the motion is uniform, we have simply F = T. 

Wo sec that tho law of the motion being onco known by the abstract of the curves, ami being 
that of a uniformly accelerated motion, we may, after having proven the constancy and tho gene- • 
mlity of this law, pass to the use of tho dynamometer, and rest content with the indications of tho 
cbronometric apparatus. 

Results of hxjxriments. — The friction of oak, sliding upon oak without unguent, with tho fibres 
parallel to the direction of tho motion. 

In this experiment we have Q = 295*22 lbs.; P = 203*38 lbs. 

The trace of tho curvo gives for tho parameter 2C = 0*6339 ft., whence ^ = 3*154, and oon- 

U 


sequently the tension T = 0*95 { P ■ 


■(°- 3 *' :M n)c }- 17 


53 : 


73-05 lbs. 


Q 1 

The othor formula gives for the value of friction F = T — = 144 * 1 lbs. 

9 U 
F 144*1 

The ratio of tho friction to the pressure is hero then ^ = ■ ■ = 0*488. 

Q 295*2 


Experiments upon the Friction of Oak pton Oak, wtttioct Unguents; the Fibres op 
tiib Wood being Parallel to the Direction op Motion. 


Extent o 
Surface 
of 

Contact. 

) 

Preware, 

Motive 
Weight 
during 
Mulioa. P. 

Tension of 
the Cord, 

T. 

Para- 

meter. 

Valor of 
the Accele- 
ration, 

I 

C* 

Friction, 

K 

Ratio of 
Friction to 
IVmaure, 

r 

Q 

Velocity of Motion. 

Uniform. 

A cor leva Uon 
at 9-84 ft. of 
tta Course. 


1 lb*. 

lb*. 

lbs. 

feet. 


11*. 


feet 

feet 

/ 295-22 

148*58 

14115 



141*15 

0*477 

2*264 



295*22 

203*38 

173*02 

0*034 

3*123 

144*1 

0 488 


7-77 


333*52 

17103 

162*48 

,, 


162*48 

0-487 




970*63 

504*32 

479*10 



479*44 

0*491 

1*345 



970*63 

610*01 

536*64 

0*850 

2*352 

406*41 

0*480 


6-726 


1499*13 

930*23 

819*18 

0*862 

2*320 

709*33 

0*472 


6-693 


2291*56 

1273*69 

1164*91 

1*688 

1*184 

1080-60 

0*471 


6 • 299 


| 2291*56 

1114*91 

1059*16 



1059*16 

0*462 

3-511 



102*09 

64*95 

54 17 

1 *914 

1044 

50-86 

0*498 


4-495 


108*53 

56*59 

53*77 



53*77 

0*496 

4-20 



120*55 

62*90 

59*75 



59*75 

0*495 

4*92 



120*55 

98*39 

70*44 

0*384 

5*208 

56*95 

0*472 


10 072 

1*062/ 

! 220-81 

180*83 

152*57 

0*472 

4*237 

110*38 

0-486 


8*924 


j 227-63 

132*04 

117-77 

1*054 

1*897 

104 *36 

0*458 


6*102 


332*76 

102*72 

154*58 



154*58 

0*464 

4*101 



440*03 

211*37 

200*80 



200*84 

0*456 

2*001 



440*24 

210*45 

199*93 



199*93 

0*454 

2*789 


[ 

215*67 

108*62 

103*19 



103*19 

0*478 

3*478 


0*33 { 

321*47 

175*49 

164*74 

0*933 

2*145 

133*34 

0*414 


6-918 

1 

604*06 

468*80 

389*44 

0*506 

3*952 

293*51 

0-484 


8-858 


When tho motion is uniform, os in the sixteenth experiment of the above Table, wo have 
simply for 

* Q = 440*37 lbs., P = 211*37 Hxl, 

F 200 * 84 

F = 0-95P = 200-84, / = q = = 0-450. 
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Experiment* rroN the Friction of Elm upon Oak, without Unguents ; the Fibre* of 
the Wood being Parallel to Direction of Motion. 


Surface 

-Motive Weight 

Tension of the 

Parameter. 

HO. | 

Aeolcra- 


Ratio of ! 

Velocity at 

of 

Pressure, 

during 

G>rd during 
.Motion. T. 


Friction. 

Friction to 1 

t*-«4 ft. uf 

Contort, 1 

MotKm. P. 



Pressure, /. 

its Course. 

so. a , 

I ha. 

11* 1 

11* 

fe«L j 


lb* , 


fwt 


/i 

200 05 | 

101-31 

139*19 

0*732 | 

2*734 ; 

117-18 1 

0-45 

7-55 



200*05 

187*42 

153 00 

0*469 

4-201 

118-88 1 

0-45 

9-45 



921-38 , 

500-09 

4541-40 

0-984 1 

\ 2*031 

392-27 

0-43 

8 00 



921-38 

480*24 

440-46 

1-859 

1075 

408*73 

0-44 

4-62 

l- 338 i 


921-38 

454*13 

118-77 

1*902 

1051 

386*62 i 

0-42 

4-48 


921-38 | 

004*42 

525-72 

0-377 

5-291 

374-53 i 

0*41 

12-40 



1980 10 

1113*83 

976-94 

0-802 

2-494 

821-70 ! 

0-42 

7*41 



1 1980*10 

1007*77 

927 " 09 

1-993 

1003 

865-54 

0-44 

404 



198010 

1113-83 

911-42 

1-206 

1 1057 

787-42 

0-40 

5-08 



1980* 10 

1298-70 

1104-80 

0-000 

' 3*330 

89!) -99 

0 45 

8 10 

i 

244-81 

135-42 

122-36 

1-414 

1-414 

108*93 

0-45 

5-25 

•003 { 

889*58 

31119 1 

240-00 

0-347 

5-750 

17143 

0 44 

10-50 

1 

917-79 

479-70 

439-82 

1-734 

1153 

408 00 

0-44 

4-70 







Mean .. 

! 0-434 



Experiments uroN the Friction of Soft Oolitic Limestone of Jaumont, near Metz, 
upon Stone of the same kind, without Unguent. 


Surface 

of 

Contact. 

! I*ressure, Q. 1 

i ! 

1 1 

Motive Weight Teiulon of the - . 

during i Gird during 

MoUon, P. | MnUun.T. | JU 

A cceler*- 

U,n.i. 

Friction, F. 

j Ratio uf 
Friction to 

1 F 

Pressure,^ • 

Velocity of 
1 » S4 ft of 
its Path. 

aq. ft. 

llw. 

lbs. 

| lbs. 

fwL 


tbs. 


feet. 


314 04 

254-18 . 

222-40 

0-829 

1 a-4iz 

198-89 

0*633 

6 "890 


314 04 

254 18 

218*36 

0*682 

2*929 

187*00 

0-597 

7-5711 

0-801 { 

1 1264*18 

999-63 1 

853-54 

( 0-621 

' 3-210 

727-50 

0-575 

7*940 


i 1374*94 

1034-92 

859-41 

0*499 

4 001 

700*80 1 

0*549 

8-858 

1 

1274*94 

1034*92 

859*41 

0*499 

; 4-001 

700*86 

0-549 

8-858 







Mean .. 

0-580 


, 

1 309-56 

293*88 

245*40 

0*536 

3*725 

209*56 

0*677 

8-498 

l 

331-62 

293-88 

244*05 

0*524 

3*815 

207-97 

0-627 

8-662 

0-499 { 

i 125750 

1 034 • 92 

925 13 

1066 

1-874 

851*95 

0*077 

0 070 


1257-50 

1140-78 

943*99 

0-488 

4101 

788-89 

0-623 

8 • IKK) 


1257-50 

1140*78 

924-82 

0 426 

4 087 

741*28 

0*589 

1 9*613 







Mean .. 

0*639 


( 

298-40 i 

240-95 

218*30 

1-426 

1-402 

205*31 

0*688 

1 5*249 


298-40 

240-95 

21102 

0-841 

2*877 

189 01 

0*633 

6-824 

Rounded) 

298-40 

293-88 

239-18 

0*451 

4*433 

198-10 

0-004 

9-350 

•dge*. \ 

597*93 

4)45-91 

421-45 

1*341 

1*491 

398-79 

0-659 

5-413 


1 597-93 

405 91 

431*15 

2*499 

0-800 

410-28 

0-090 

3-370 

l 

i 597*93 

571-77 

485-40 

0*597 

3-317 

423-25 

0-709 

8104 







Mean .. ] 

0-675 j 







General Mean .. 

0-631 



When the soft limestone slide* upon soft limestone, and especially when the moving body rests 
upon surfaces of small area, the latter are destroyed rapidly during the experiment. This cir- 
cumstance, and tho presence of the dust powder resulting from it, have not changed the laws 
obaenred. 

Though leather is a soft and very compressible substance, it* friction is proportional to the 
pressure, and independent of the velocity, throughout the whole range of the experiments in tho 
next Tabic. 
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Experiments upon the Friction op Strong Leather, Tanned, and placed Flatwise cpon 

Cast Iron. 












Area of 

Sorboes In 
G intact. 

Nature 

of the 
Unguent. 

Pressure. 

Motive 
Wright 
■luring the 
Motion. 

Tmtlr/n 
of the 
Curd. 

Para- 

meter. 

the Accele- 
ration, 

1 

C* 

Friction. 

Ratio of 
Friction to 
Pressure. 

Velocity 
at »-*4 ft 

<>r ita 
Cotin*. 

»q. ft. 


lb*. 

lbs. 

11*. 

fwt 


It*. 


fwL 

0*4155 

Nothing. 

/ 471*02 

320*35 

291*83 

1*548 

1*292 

272*75 

0*579 

5*02 

\110C*42 

637*94 

006*04 


•• 

606*04 

0*547 









Mean .. 

0*563 




201*01 

188*02 

154-78 

0*497 

4*024 

118-03 

0 108 

8*86 

0*4155 

Water. 

291*01 

161*55 

133*85 

0*524 

3*816 

96*44 

0 342 

8*66 

j 291 *01 

135*08 

118*83 

0*926 

2*159 

99*49 

0*342 

6*56 



» 1115*03 

977*58 

689*54 

0*244 

8*196 

407*11 

0-365 

12*70 








Mean .. 

0-3G4 




f 1114*10 

214*48 

193*80 

2*042 

0*979 

163*21 

0*146 

4*53 

0*4155 

Tallow. 

1114*10 

214*48 

198*54 

2-581 

0*776 

172-38 

0*155 

3*87 

* 111410 

320*36 

279-52 

0*795 

2*516 

192*43 

0*172 

7*09 



i 1114*10 

426*10 

350*41 

0*475 

4*210 

182*99 

0*164 

9*06 








Mean .. 

0*159 




( 298*49 

39*26 

37*30 


.. 

37*29 

0-124 


0 4155 

Oil. 

299*17 

92*19 

76*29 

0*548 

3*649 

42*52 

0*142 

8*46 

1114*10 

148*3*2 

140*91 



140*91 

0*126 




(1114*10 

214-48 

196*22 

1*804 

1*108 

157*93 

0*141 

4*59 








Mean .. 

0-133 



Oily 

j 1114*10 

320*35 

294*48 

2*011 

0 944 

260*07 

0*233 

4*66 


surface. 

t 478-92 

1:45*08 

128-77 

1*950 

1*025 

108*66 

0*227 

4*66 








Mean .. 

2-30 



Experiments upon the Friction* op Brass tpon Oak, without Unguent ; Fibres op Wood 
Parallel to the Direction op Motion. 


Surface 

of 

Contact. 

Preasure. 

Motive Wright 
•luring Motion. 

Tension of 
the Cord. 

^ Parameter. 

A order a- 
tlon, I . 
C 

Friction. 

Ratio of 
Friction lo 
Pressure. 

Vdodty at 
»Mft.Of 

Court*. 

«i- n. 

It* 

lbs. 

lbs. 

tvH. 


Ih*. 


fret. 

f 

257*13 

161*46 

153*86 



153*39 

0*60 



257*13 

161*61 

153*61 



153*54 

0*60 


•433 

1539*90 

981-99 

932*69 



932*89 

0*60 



1539*90 

1114*32 

1068*80 

3*548 

1*291 

1007*79 

0*65 



1539*90 

1273*11 

1101*97 

0*707 

2*828 

967*05 

0*62 

7*48 

l 

1989*83 

1378-97 

1290*72 

4*346 

0*460 

1262*61 

0*63 

3*05 

1 

248*31 

161*72 

153*00 



153*61 

0*61 


1 

248*49 

188-36 

169*56 

1 *283 

1 *558 

157*58 

0*63 

5*21 

0*141 < 

763*97 

532*07 

487*11 

1*956 

1*022 

462*99 

0*60 

4*92 


1531*26 

981 -89 

982*69 



982*89 

0-61 

.. 


1531*26 

1273* 11 

1103*69 

0*719 

2*780 

971*73 

0*63 

7*51 







Mean .. 

0*616 



For the experiments where we have not indicated the value of the pRmmotcr of the law of 
motion, and that of the acceleration, the motion was slow and somewhat uncertain. 

The results contained in this Table confirm the three laws before enumerated, but we remark 
that the mean value of the friction, which is hero 616, is more considerable than iii the case of oak 
nibbing against oak, or than that of elm upon oak, for which the results are consigned to tho 
Table* of pages 1572 and 1573. 

We shall see, by the following Table, that the coefficient diminishes considerably when the 
friction occurs between two metallic surfaces. 
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Experiments uroN the Friction op Cast Iron upon Cast Iron. 


JSarfticw I 

Un- 

PreBsan*. 

Motive 
Wright 1 

Tr rision »f ! 
thr Coni . 

P*r*- 

rw'U'f, 

JC. 

Acccle- J 

ration. 

Friction j 

lUlioof 

Friction 

1 Velocity 

at 


Contact, j 

gutnt. 

y. 

during the 

during the 

I. 

la 

9 -.4 ft. 




Motion. ' 

Motion. 

C | 


Pressure. 

of Path. 


ft. 


n«. 

IlM. 

lh». 



11*4. 


fret. 




490' 10 

108-62 

95-78 

0-993 

2012 

64-19 

| 0*130 

6-37 




496 10 

135 09 

113*38 

0*585 

3*417 1 

60-79 

0*122 

8 '20 




1091-14 

320*37 

283*32 

0-938 

2 130 

211*15 ! 

0*193 

43-50 


0-3874 

Noth. 

109114 

426*08 

336*38 i 

0-378 

5-291 | 

157-18 

0-144 

1017 


1104-80 

174-79 

166*05 i 



166*05 

0-150 1 

.. 

Slow. 



4412-70 

796*73 

745-58 | 

4*267 

0*468 1 

681*74 

0 154 ! 

3*25 




4412-70 

929*06 

865*85 | 

3*316 

0-604 

783*54 ' 

0*177 

3-48 





1054*77 j 

949*52 

1-158 

1*726 

712-94 | 

0161 | 

5-81 




.4412-70 | 





Mean .. 

0*154 





1104-37 

399*74 

36117 

1-402 | 

1*426 

312-32 

0*282 

8-90 


0-3874 

Water. 

1104-37 

505*61 

, 432-90 

0-646 

3*095 

324*60 

0-293 

9-25 


2202-70 

770*26 

731-36 



731-345 

0*332 


Uniform. 



2202-70 

876-13 

806-43 

2 036 

0*982 

739-30 | 

0*336 

4*53 









Mean .. 

0-311 





1091*14 

201*25 

19115 



191*15 

0-175 


Slow. 

0-3874 

i Soap. 

1091-14 

320-37 

287*77 

1*251 

1-598 

231*00 

9-211 

5*08 



109114 

373-30 

321*78 

0-695 

2-878 

224-47 j 

0-205 

7 09 | 









Mean .. 

0197 





, 490*10 

52*49 

49*87 



49*87 

0100 

• • 

Slow. 



496*10 

78*96 

05-48 

1*950 1 

1*024 

50*40 

0*101 

4-56 




1103-48 

10HC4 

10317 

.. 


10317 

0*093 

.. 

Slow. 



1103*43 

201-25 

179*20 

1-060 

1-885 

1 14-454 1 

0*104 

0 17 


0*3874 

Tallow. 

1103-43 

2214*96 

240-95 

293-88 

212-87 

271*14 

0-939 

2*286 

2-130 

0-875 

117-81 

211*30 

0-104! 

0-095 

6*47 

4*20 



1 

2214-98 1 

293-88 

274-54 

4*023 

0-497 

243-34 

0*109 

308 




2214-98 ' 

426*10 

379-70 

0-999 

2-000 

243-33 

0109 

6*80 




6185*82 

624*70 

593*47 



593-47 , 

0-096 

.. 

Very slow. 



\1 108* 14 

108*62 

10317 



10317 

0*098 

■■ 

Slow. 








Mean .. 

0101 






/1 29*48 

118-70 

2-011 

0-994 

81*62 

0 0745 

4-53 





129-48 

118-13 

1-767 

1131 

79-44 

0 071 

4*72 





133-89 

1 12119 

1*895 ] 

1-432 

72*16 

0 005 

5-61 





133-89 

1 120*99 

1*414 1 

1-414 

72*54 

0-0456 

5-58 





138-31 

! 126-29 

1*767 

1*131 

85-82 

0*077 

4*50 


0-3874 

Laid. 

1103-43 

188*31 

j 124*41 

1*295 i 

1*544 

71*55 

0 065 

5*51 





138*35 

123*55 

1*341 1 

1*491 

72-71 

0-060 

5-44 





138*35 

1 124-41 

1*295 

1*544 

71-55 

0 065 

5-51 





193-44 

16815 

0-783 

2-553 1 

80-65 

0 073 

712 





198*44 

107*07 

0-731 

2-734 | 

72-94 

0 066 

7-28 





193-44 

168*92 

0-823 

2-430 

.85*68 

0-078 

6-82 









Mean .. 

0 070 




This Table, besides verifying the laws of the proportionality of the friction to the pressure, and 
it* independence of the velocity, shows that water rather increases than diminishes the friction of 
cast iron. We see also that tallow, somewhat hard, does not reduce the friction so much as lard. 

Ctms&ptenecs of the Experimcntt.—Thu experiments made by Morin upon the friction proper of 
plane surfaces upon each other comprise 179 series, answering to different coses, according to the 
nature or condition of the surfaces in contact ; and they all, w ithout exception, lead to the follow* 
iug results 

The friction during the motion is — 

1st. Proportional to the pressure. 

'2nd, Independent of the area of the surfaces of contact. 

3rd. Independent of the velocity of motion. 

Experiments upon the Friction at Startimj , or trAcn the Surfaces hare ftecn some time in contact . — The 
same apparatus has served for the experiments upon friction at the start, or after a prolonged con- 
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tact, whoso aim was to establish in what cases th0re is a notable difference between it and that 
produced during motion. This difference, which, according to the case, arises from very different 
causes, may in general be attributed to the reciprocal compression of the bodies u{K>n each other, 
and to a kind of gearing of their elements. The time or duration of the compression probably 
exerts an influence upon the intensity of the resistance opposed by their surfaces to sliding. Put 
generally this resistance reaches its maximum at the eud of a very short j*eriod. 

Experiments won the Friction of Oak upon Oak, without Unguents, when the Surfaces 

HAY* HERN SOME TIME IN CONTACT ; THE FIBRES OF THE SLIDING PlECKS BEING PKRTEXDICULAK 

to those or the Sleeper. 


Extent of the 
Snrfj»*»* of 
Contact. 

Pressure, q. 

Motive Effort or 
Friction. F. 

Ratio of the 
Friction to the 
Passu re,/. 

mj. n. 

11*. 

It*. 


1 

120-55 

67*15 

0*55 


282*49 

150*23 

0*53 

0-947 


495*01 

252*34 

0*51 



1995*23 

1171*10 

0*58 



2526*65 

1287*16 

0*51 



389*35 

203*80 

0*52 

0 043 


402*98 

212*44 

0*53 



1461*08 

854*77 

0-58 



Mean . . 

0*54 


The friction seems to bo proportional to the pressure, which varied from 120 lbs. to 2526 lbs., 
and independent of the surfaces of contact, which varied in the ratio of 1 to 22, the smallest being 
•013 aq. ft., and the greatest 0*047 ft.; this last value exceeds those usually employed for slid- 
ing surfaces in mechanical constructions. 

The ratio of the friction to the pressure is here raised to 0*54, while it was only 0-48 during 
the motion, as was the result of the Table, page 1572. The friction at the start is raised then 
about an eighth above that which we first considered. A similar increase occurs iu all similar 
cases. 


Experiments upon the Friction of Oak upon Oak, without Unguents, when the Surfaces 

HAVE IlKEN SOME TIME IN CONTACT. TlIE SLIDING PIECES HAVE THEIR FinRES VERTICAL, 
THOSE OF THE FIXED PIECES ARE HORIZONTAL AND PARALLEL TO THE DIRECTION OF MOTION. 


Extent of tho 
Surface of 
Contact. 

Pressure, Q. 

Motive Effort 
or 

Friction, P. 

Emtio of Friction 

to 

PiMMure, /. 

Time of Contact 

Ml. ft 

lhe. 

lbs. 



/ 

432*12 

184*88 

0*427 

5 to 6" 



432*12 

184*88 

0*427 

10' 



432*12 

157*43 

0*364 

V 



096*77 

354*59 

0*509 

6' 



696*77 

304*31 

0*436 

30" 

*6845 


696*77 

342*03 

0*498 

8 to 10' 



882*01 

405*32 

0*459 

8 to 10' 



1106*99 

555*73 

0*502 

10' 



1106*99 

430*03 

0*388 

5 to 6" 



2205*30 

810*24 

0*367 

15' 



2205*30 

882*60 

0*400 

10' 



Mean .. 

0*434 



This Table shows that for wood the friction at the start presents for equal surfaces and pres- 
sures great differences from one experiment to another, and that the resistance attains its maximum 
in a short time of contact, which seems not to exceed some seconds. We, in fact, see that the 
figures answering to five and six seconds are not inferior to those re lating to a contact of fifteen 
minutes, the longest of any recorded in the Table. 

The mean value of the ratio / of friction to the pressure is O' 434, but it would bo well in appli- 
cation to reckon it at 0*48 or even 0 50. 

We still see by these experiments, in the following Table, that the friction nt starting, as well 
as the friction in motion, is independent of the extent of the surface of contact, and is proportional 
to the pressures. 

These figure*, moreover, differ so little from each other, that we may place all confidence in the 
general tueau 0*74, and employ it in all similar cases. 
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Experiments upon the Friction op Oolitic Limestone upon Oolitic Limestone, when the 
Surfaces have iieen for some time in contact. 


Sarf»c* of 
Contact. 

Prewar*, Q. 

Motive Effort 
or 

Friction, F. 

Hallo of 
Friction to the 
Prcbaure,/. 

Time of Contact. 1 

K|. ft 

U*. 

It* 




81401 

228-88 

0-728 

15' 


330-85 

239-25 

0-723 

15' 

0-8011 

1162-72 

949*64 

0-752 

15' 


1274-93 

932-87 

0-731 

5 to 6" 


1274-93 

958 02 

0-751 

5 to 6'' 



Mean .. 

0-737 


I 

309*55 

228*88 

0*739 

2' 

01992 1 

1257-49 

983 16 

0-781 

10' 

1 

1257*49 

983 16 

0-781 

>' 



Mean . . 

0*783 


Edges ( 

298*38 

228-88 

0-774 

2' 

rounded. \ 

602*32 

442-58 

0-740 

5 to 6" 



Mean .. 

0-757 



Genera] 

Mean .. 

0-740 



Experiments upon the Friction op Oolitic Limestone upon Oolitic Limestone, when the 
Surfaces have been some time in contact with a Bed op Fresh Mortar. 



These experiments show that the friction at starting is for these stones very nearly the same 
with the interptwition of inortar as without. 

In recapitulating, recent trials have caused us to see that the friction at the moment of starting, 
and after a very short time of contact, is — 

1st. Proportional to the pressure. 

2nd. Independent of the area of the surfaces of contact ; and that furthermore, for compressible 
bodies, it is notably much greater than that which takes place during motion. 
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Observation relative to the Expulsion of Unguent* under Heavy Pressure*, and by Prolonged Contact. 
— Wo have observed metallic bodies with unguents of grease or oil, under very great pressure, 
compared to their surfaces, and find, after a contact of some duration, that the unguents arc ex- 
pelled. so that the surfaces are simply in an unctuous state, and thus have double the friction of 
surfaces well greased. This shows us why the effort required to put certain machines in motiou 
is, disregarding the influence; of inertia, often much greater than that required for maintaining a 
rapid motion, and proves that, for an exj>erimental appreciation of the friction of machines in 
motion, we need not, as is sometimes done, make uso of the same methods as for machines starting 
from repose. 

Influence of TV&mfi'oitj upon the Friction at Starting. — Another remarkable circumstance noted in 
the experiments at Metz is, that when a compressible body is solicited to slide by an effort capable 
of overcoming the friction of motion, but inferior to the friction nt starting, a simple vibration, 
produced by an external and apparently a slight cause, may determine the motion. Thus, for oak 
rubbing on oak, the friction nt starting is 0080 of the pressure, and the friction during motion is 
0*480; so that, to Dfodnoe the motion of a weight of 8800 Ihs. it is necessary then to exert an 
effort of 1500 Ihs., while there is only needed 1050 lbs. to mnintain it. Still, under an effort equal, 
or a little above 1050 lbs., and by the effort of a vibration, the body may he started. 

This inqiortant observation applies to constructions always more or less exposed to vihrationa, 
and shows thnt, if in the calculations for machines for producing motion, we should tako into 
account the greatest value of the friction, we should in those relating to the stability of construc- 
tions, on the other hand, introduce its smallest value, that for motion. It seems, finally, to explain 
how it sometimes happens that buildings, for the stability of which no uneasiness was felt, have 
fallen at the j sussing of a wagon, and how the firing of salutes from a breach battery may, at certain 
times, accelerate the fall of a rampart or a building. 

Influence of Unguent s. — Fat unguents considerably diminish friction, and the consequent wear 
of surfaces. But from the observations made, p. 1575, we see thnt though the friction is in itself 
independent of the extent of the surfaces, it is well to proiiortion them to the pressures they are 
appointed to sustain, so that the unguents may not be expelled. We would also remark that all 
the experiments in consideration were made under pressures more or less considerable, and their 
results should only l>e applied to analogous cases. In fact, we may conceive that if the pressures 
were so great, in respect to the surfaces, as to occasion a marked defacement, the state of the sur- 
faces. and consequently the friction, would vary ; or that, on the contrary, if the surfaces were 
great, and the pressures very slight, the viscosity of tho unguents, usually disregarded, might then 
exert a sensible influence. 

We would observe that, in general, and especially for metals, pure water is a bad unguent, and 
often increases rather than diminishes the friction. 

Adhesion of Mortar and Solidified Cements. — But, for mortars which have set and acquired a 
proper degree of dryness, there exists a different condition of things. Adhesion and cohesion tako 
the place of friction, and the resistance to ac]>arntion becomes sensibly projiortional to the extent 
uf tho surface of contact, and independent of the pressure exerted, either at the moment of rest or 
that of separation. 

For limestones bedded with mortar of hydraulic lime of Metz, the resistance is about 2112 lbs. 
per square foot of surface. With other limes, undoubtedly common, M. Boistard has found 
1426 lbs. With plaster, the resistance seems to follow the same law ; but it varies considerably 
with the instant of the setting of tho plaster, which seems to exert a great influence upon tho 
cohesion. 

Observation upon the IntrodwHion of Friction and Cohesion in Calculation s upon the Stability of Con- 
structions. — Finally, we would remark that friction cannot, in the case of beddings in inortar, or in 
plaster, show itself until the cohesion or adhesion is overcome, and that consequently these two 
resistances cannot coexist. In calculations upon tho stability of structures, we Bliould only reckon 
upon one of these, and thnt the weakest. 

Experiments upon Friction during a Shock. — Poisson, in his Trnite de Mecanique, expresses him- 
self in these terms; — u Though no observations have been made upon tho intensity of friction 
during a shock, we may sup^bse, by induction, that it follows the general laws of friction of bodies 
subjected to pressures, since percussion is only a pressure of 
very great intensity exerted during a very short time.” 

To verify by direct observation the correctness of this 
supposition, and at the express invitation of Poisson, Morin 
undertook many experiments, choosing for that purpoeo the 
caw of stri)»s of cast iron sliding upon bars of cast iron spread 
with lard, since this had been tho subject of careful study in 
his preceding experiments, and is the case which most fre- 
quently occurs in practice. 

lie script ion of the Apparatus employed in the Experi- 
ments. — The apparatus which Morin employed differs from 
that described in p. 1570, only in the following disposition 
necessary for suspending to the sled, at a desired height, 
the body designed to produce the shock, and allowed to full 
at will during the motion. 

Upon the sides of the box of the sled, Fig. 3048, are 
raised two frames of firm uprights ab ami a! b\ pierced with 
holes at intervals of *10 ft., through which j*ass two iron 

i iins ; upon these pins rests a movable cross-piece cd of oak. 
iy raising and lowerirtg the pins, the height of the cross-piece cd abnvo the sled may Ik* varied 
at will. A screw e and nut jwissca freely across a hole cut in the middle of the cross-piece, and 
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bean a plier with ring legs, upon which in suspended a shell to give the Bhork. The two legs 
of the pliers are hound with strips of wick with quick match, holding them shut. By means of 
the screw r the height of the shell above the surface shocked can be exactly regulated. 

Wo may easily conceive from this description, the box and uprights being firmly fastened to 
the sled, that the whole system partakes of a common motion, and that if at any instant of its 
course the shell falls upon the sled, it falls thero with a vertical velocity due to the height of tho 
fall, and with a horizontal velocity which, as we shall see hereafter, was sensibly the same as that 
of the sled. By means of the ligature of the legs of the pliers we accomplish the fall of the shell, 
without any external concussion or disturlMUico. For this purport a man sets fire to the match, 
and gives the signal for the starting of the sled : combustion is communicated to the npper jmrt 
which keeps the pliers closed : these open suddenly and let loose the shell, without any ptswibility 
of disturbing tho common motion of the system of the two Ixdies. 

Central Circumstances of the Exjierimetits . — The experiments were made in impressing tho sled, 
sometimes with a uniform, and sometimes with an accelerated motion. The first of these motions 
was obtained nt will, by giving td the descending box a weight just sufficient to overcome tho 
friction, and in suspending under this box a shell of 1 10 lbs. weight, which only descended 1*64 ft. 
when its action ceased. As for tho accelerated motion, it was products) whenever the motive 
weight surpassed the friction. The law of these motions was moreover determined, in each case, 
by means of curves traced by the style of the chronometric apjwimttM. 

General Examination of • chat occurred in these Experiment*. — We can readily appreciate the mode 
of action during the exj>eriments. Wo take, for example, a case where the system of the sledge 
and the shell suspended above it is impressed with a uniform motion. At tho instant when tho 
combustion of the wick allows tho legs of the pliers to separate, tho shell is free, and falls ; during 
its fall, until the moment it reaches the sledge, the latter being freed from the weight of the shell, 
acquires an amount of motion precisely equal to what would Ijo consumed by the friction due to 
this weight. Tho horizontal velocity of the sledge, at the instant of the shock, is then a little 
greater than that of the shell. After this tho forces of compression developed by the shock pro- 
duce a friction variable as themselves, at each instant, which consumes a certain quantity of 
motion ; so that the sledge, whose progress was accelerated during tho fall of the shell, is after- 
wards retarded during the action of the shock. 

Furmultr employed in Calculating the Jtesult * of the Experiments , — As it is desirable to prove 
whether the friction remained proportional to the variable pressures produced during the short 
intervals of the phenomena, we proceed to give sorno fonnulm relative to this hypothesis, which we 
will hereafter compare with the resalts of experiment We consider first the case of uniform motion, 
ami call 

Q the weight of tho sledge, and the suspending apparatus of the shell ; 

q the weight of the shell producing the shock : 

/ tho ratio of friction to the pressure for the surfaces in contact ; 

A the height of fall of tho shell above the sledge; 

U the velocity due to this height ; 

T the time of the fall ; 

V the horizontal velocity of the sledge and shell at the instant when the latter is let 
loose by the pliers; 

V' tho velocity of the body after the Bhock ; 


j/ = 32 *1817 ft. Q + 

At the instant when the shell is freed, tho quantity of motion of tho system is — - V. 

9 

The weight of the shell, when connected with the sledge, produces a friction fq which, in each 
element of time t, consumes a quantity of motion fqt, and which, during the time of the fall, 
would consume the quantity fq T. 

But since, on the other hand, the shell ceases to press upon the sledge during this time, it 
follows that the quantity of motion gained by the system by reason of this diminution of pressure, 
is precisely fq T. 

At the instunt when the shell reaches tho sledge, the quantity of motion possessed by tho 

(Q -4- a) V 

system is then h fq T. 


From this instant, and during the whole period of the shock, the shell loses, in each clement of 


time, an element of velocity, and consequently a quantity of motion ^ u, whence results a force 
of compression ~ x j, producing a friction — x This friction consumes in an element of time 

a quantity of motion — and when all relative motion in a vertical direction is destroyed, the 
friction due to the forces of compression has finally consumed a quantity of motion equal to 

/?u. 


Consequently, when the shock has terminated, wo should have between the quantities tho 
+ fgT - = < Etl\, or/?jT— /vU = (Q + <f)(V'- V). 

Now, the shell falling with a uniformly accelerated motion by virtue of gravity, we have, 
evidently, U = oT, whence it follows that \ = V; that is to soy, that in our apparatus tho quan- 
tity of motion destroyed by the friction resulting from the forces of compression must be precisely 
equal to that which it gains during the fall of tho shell. 


Digitized by Google 



1580 


FRICTION. 


Thoso two effects are successive, hut tako place in a short interval of time, and therefore occasion 
in the curve of motion undulations In opposite directions, which do not affect the general law, und 
aro scarcely appreciable, cither in the draughted curve or that made from the abstract of the 
Table. 

The Acceleration of the Motion of the Sledge during the Full of the Shell may be neglected . — It is easy 
to be assured a priori that the acceleration of the velocity of the slodgc during the fall of the shell 
was always very small in our experiments, though the height of the fall has reached 1 ’1*7 ft. We 
observe, then, from what has just been said, that calling V, tho horizontal velocity of the sledge 

Q Q 

at the moment when tho shell reaches it, wo shall have — V + / o T = — V„ whence 

if if 


Vl V ""Q Q • 

Making, for example, q = 110-27 lbs., A = 1*9G8 ft., and U = 13*80 ft., Q = 590*G8 lbs., 
f = *0*071, which answers to one of tho most intense shocks produced during the experiments, wo 
find V, - V = 0 *1829 ft. 

Now, the shock of the shell in tho horizontal direction taking place only in virtue of this differ- 
ence in velocity, we see that its effect upon the general motion should be quite insensible, ami we 
may, as we have done in the preceding calculation, neglect its influence upon the general motion 
of tho sledge. 

Cate where the Motion of the Sledje is Accelerated. — The preceding reasoning applies to tho case 
whero tho system of the shell and of the sledge is impressed with an accelerated motion, and it 
follows that if, as wo have admitted, the friction during tho shock remains proportional to tho 
pressure, tho general lnw of motion in our apparatus cannot bo affected ; or, in other words, that 
if, before the fall of tho shell, the motion is uniform or accelerated, according to a certain law, it will 
still bo so after tho shock, aoconliug to the same law. Tho only disturbance which will result will 
bo sometimes manifested by undulntions, which, in most cases, would hardly bo appreciable. More- 
over. tho hardness or compressibility of the l>ody in contact should not have any mfluence upon tho 
result, and in causing the shell to fall upon the lieechwood joists composing tho sledge, or upon a 
mass of soft loam placed upon it, we should, for circumstances otherwise similar, find the some law 
of motion, which should bo the same as though there had been no shock. 

Jic suits of Experiments. — It remains now for us to compare the results of the formula) with those 
of experiments which have been made, some when the sledge was impressed with a uniform motion, 
and some when the motion was accelerated. In these experiments wc have varied the weight of 
the shells imparting the shock from 20*43 lbs. to 110 lbs., or nearly 1 to 4 ; the ratio of the weight 
of the body imparting the shock to that of the body shocked, from A to 4, and the height of tho 
fall from O’ 328 ft. to 2 ’29 ft., or from 1 to 7. The shock was produced upon wood, and upon 
loam placed upon the slodgc. If, then, the laws which wc have admitted in the preceding formula) 
are verified by experiments within such extended limits, we may conclude that they subsist for 
pressures developed during the shock, os well os for others without shocks. 


Experiments upon tue Friction of Cast Iron upon Cast Iron, with an Unguent of Lard 

DURING THE BlIOCX. 


Weight of 
the Slodgc. 

Weight of | 
the Sphere. ! 

Total 
Pressure, 
Q + fl. 

Height of 
Fall of the , 
Sphere, A. 

| Motive 

Weight during 
Uniform 
Motion. | 

^ Friction, 
F. 

Ratio of 
Friction to 1 
Prewurc,/. j 

Velocity of 
Uniform 
Motion. 

1 

i Remarks. 

lbs. 

11*. 

It*. 

fecL 

Unl 

lb* 


fi-et 





0*328 \l 




2*761 \i 





0*328 




2*624 


492 30 

26-42 

518-72 ; 

0-328 J 1 

41*312 

39*264 j 

0 075 

2*715 J 

No shock. 




0-984 




2*643 





0*984 Jj 




2*682 J 



1 26-42 

504 *G8 

1*968 

37-708 

35*832 : 

0*071 

2*460 



26-42 

501*68 

1*968 

37*708 

35*832 : 

0*071 

2-558 



65-13 

533-39 

0*984 

40*887 

38*843 1 

0*072 

2*534 ! 



55*13 

; 533*39 

0*984 

40*887 

38-843 1 

0*072 

2*678 



55-18 1 

1 533*39 

0*984 

40*887 

38*843 

0*072 

2*755 



55*13 1 

533*39 

1*968 

40*887 

38-843 ! 

0*072 

2*797 


478-26 

55*18 

533*39 

1*968 

40*887 

38*843 

0*072 

2*659 


55*13 

533*39 

1*968 

40*887 

38*843 

0 072 

2*6-24 1 

No sliock. 


55*13 

533*39 

1*968 

40*887 

38*843 

0*072 

2*656 J 


55*13 

533-89 

2*952 

40*887 

38*843 

0 072 

2*672 



55*13 

533*39 

2*952 

40*887 

38*843 

0-072 

2*814 

No shock. 


110*27 

588*53 

0*984 

44-946 

42*698 

0*072 

3*033 



i io -27 

588*53 

1 "908 

44*946 

42*698 

0*072 

2*961 



! 110*27 

588*53 

1*968 

44*946 

42-698 

0*072 

3*013 



Note . — The shock is produced by the fall of a cast-iron sphere upon beech joists, while the system 
slides with a uniform motion. 
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EXPERIMENTS ETON THE FRICTIOW OF CAST IboK CFOV CaBT IRON, WITH AS UNOCENT OF LaRD 

mmao m Suocr. 


Weight of 
the Sledge. 

Weight of 
the Sphere, j 

Total 
Prowurc, 
W + 9- 

Height of 
Fall of the 
Sphere. A. 

Motive 

Weight daring 
| uniform 

Motion. 

Friction, 1 

F. 

Ratio of Velocity of 
Friction to Uniform 
Pressure,/. Motion. 

Remarks. 

lbs. 

lbs. 

lbs. 


fret. 

I lbs. i 

lbs. 


tvrU 






/ 0 • 98 




/2*829 






0-98 




2-744 
2*427 \ 
2-460 / 

Xo shock. 


5512 1 



1-96 




2-576 


590-68 


646*83 


2*95 

1 4816 

| 45*94 

0-071 

2*935 

2*547 

Xo shock. 





2-95 




2-347 






2-95 




2*702 | 






O' 98 




2*328 






Vo-98 y 




2-853 ! 


590 68 

110*24 | 

70096 I 


1-97 

52-36 

49-74 

0-071 | 

r 2*675 
[ 2*853 

Xo shock. 


Note . — The shock is produced by the fall of a sphere upon a mass of loam, while this mass and the 
Blcdge slide with a common uniform motion. 


Wo sec by these Tables that tho velocity of uniform motion has been the same in the experi- 
ments made with the shocks as in those without them, whatever may have been the height of the 
fall. This velocity, in all cases, has depended solely u|)on the load or total pressure of the motive 
weight ami the state of the surfaces. 

An examination of the curves of motion shows from the vibrations produced by the shock 
throughout the ap|>aratus — which are felt even at the stylo — in what place the shock was pro- 
duced, and whether it occurred in tho period of its course, when tho motion had become uniform, 
or in that whou it was accelerated, tho draughted curve and the abstract of the Tables atford but 
Blight undulations, and tho motion remains or becomes uniform with tho same velocity. 

Finally, these experiments show that in the shock the frictions duo to the pressures developed 
arc still proportional to these pressures and independent of tho velocity. 

Friction of Journals . — Besides the experiments previously reported npon the friction of piano 
surfaces, Morin has made a great number upon that of journals by means of a rotating dynamo- 
meter with a plate and stylo. 

The axle of this dynamometric apparatus was hollow and of cast iron. It could receive, by 
means of holders exactly adjusted, a change of journals of different materials and diameters. Its 
load was composed of solid cast-iron discs weighing 331 lbs. each, whoso number could be increased 
so as to attain a load of more than 3042 lbs. A pulley, tho friction of whose axle was slight, and 
which transmitted the motion by the intervention of a spring, received by a bolt, tho motion of a 
hydraulic wheel, and tho difference of tension of tho two parts of tho licit was measured by tho 
dynamometer with tho style. 

Journals were from *11 to *22 ft. in diameter. The velocities varied in tho ratio of 1 to 4. 
Tho pressures reached 4145 lbs., and within these extended limits wo have proved that the friction 
of journals is subject to the skmo laws as that of plane surfaces. But it is pro|ier to observe that 
from tho form itself of the rubbing Ixxly tho pressure is exerted uj>on a less extent of gurface, 
according to the smallness of the diameter of the journal, and that unguents are more oasily 
expelled with small than with largo journals. 

This circumstance has a great influence upon the intensity of friction, and upon the value of its 
ratio to the pressure. The motion of rotation tends of itself to expel certain unguents, and to 
bring the surfaces to a simply unctuous state. The old mode of greasing, still used in many cases, 
consisted simply in turning on tho oil, or spreading the lard or tallow npon the surface of the 
rubbing body, and in renewing the operation several times in a day. 

Wc may thus, with care, prevent the rapid wear of journals and their boxes ; bnt, with an im- 
perfect renewal of the unguent, the friction may attain ‘07, *08, or even '1 of the pressure. 

If, on the other hand, we use contrivances which renew tho unguents without cessation in 
sufficient Quantities, the rubbing surfaces are maintained in a perfect (tnd constant state of lubri- 
cation, ana tho friction falls M low M '05 or '03 of the pressure, and probably still lower. The 
polished surfaces operated in these favourable conditions became more and more perfect, and it is 
not surprising that the friction should fall far helow the limits above indicated. 

These refactions show how useful are oiling fixtures in diminishing the friction, which, in 
certain machines, as mills with complicated mechanism, consume a considerable port of tho motive 
work. We cannot, then, too much recommend the use of appliances to distribute the unguent 
continuously upon the rubbing surfaces of machines, and it is not surprising that a great number 
of dispositions nave been proposed for this purpose within a few years. Wc should be careful to 
select those which only expend the oil during tho motion, excluding those which food by tho capil- 
lary action of a wick of thready substances. These constantly drain tho oil even during tho repose 
of the machine, thus consuming it at a pure loss. 
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The examples contained in this Table suffice to show that the friction of journals is in itself 
subject to the same laws as that of plane surfaces ; but they also show the great influence which 
the constant renewal of the unguent possesses in diminishing the value of the ratio of the friction 
to the pressure, which sometimes falls as low ns '025. 

We see also that tho diameter of the journals seems to have some influence upon the more or 
less complete expulsion of the unguent, and consequently upon the friction, so that the dimensions 
to be given them should not be determined from a consideration solely of their resistance to 
rupture. 

Recapitulating the summary of the experiments which Morin has made upon the friction of 
journals shows that it is nearly the same for woods and metals rubbing upon each other, ami that 
its ratio to the pressure may, aceordiug to tho case, take tho values given in the following Tables. 


State or Swacm. 

With rotten-stone tod 
perfccUj^greased. 

Continually supplied with 
unguent. 

/. 

Greased from time to time. 1 
* 

Unctuous 

/■ 

0'02S to 0-030 

0*050 

0*07 to 0*08 

0*150 


Advantage of Granulated Metals.— It is not true, as is generally supposed, that the friction is 
always less betwecu substances of different kinds than between those of the same kind. But it is 
well generally to select for the rubbing parts gran u lull'd rather than fibrous bodies, and especially 
not to expose the latter to friction in the direction of the fibres, because the fibres are sometimes 
raised and tom away throughout their length. In this res|>ect fino east iron, which crystallizes in 
round grains, as well as cast steel, are very suitable bodies for ports subjected to great friction. 
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Thus, for several years post, a cast-iron packing lias oomo into very general uso for tho pistons of 
steam-engines. If for the taxes of iron or cast-iron axleo, brass continues in use, it is chiefly 
because it is lew hard, and wears out beforo tho axles, and because it ia easier to replace a box than 
an nxlo. 

Renutrka upon eery light Mechanism *. — In very light mechanisms, ami csjjccially with very rapid 
motion, tho viscosity of the unguent may offer a resistance similar to that produced by friction 
proper ; in such cases the results of experiments made under considerable pressures in relation to 
the surfaces of contact, should only bo applied with extreme caution. 

Use of the Results of Experiments . — The results obtained from tho experiments of Morin arn 
resumed in the three following Tables, which give tho ratio of tho friction to the pressure, for all 
the substances employed in construction. The first of these Tables relates to plane surfaces which 
have been some time in contact. Tho values which it gives for the ratio / of friction to tho pressure, 
should be employed whenever we arc to determine the effort necessary to produce the sliding of 
two bodies which have been some time in contact. Such is the case with tho working of gutes and 
their fixtures, which ore used only at intervals more or less distant. 

I. — Friction* of Plants Surfaces which have been some time n* contact. 


Disposition of the 
Fibres. 


Oak on oak 


Oak on elm 
Elm on oak 


Parallel „ 
Perpendicular 


Wood upright on 
wood flatwise 
Parallel 


Ash, pine, beech, on oak 
Tanned leather on oak . . 


Perpendicular 
Parallel .. 


Black curried | on plane oak surface 


leather or belt \ on oak drum 
Hemp matting on oak 
Hemp cord on oak . . 

Iron on oak .. 


Cost iron on oak 

Brew on oak 

Ox-hide for piston packing on cost iron| 

Black curried leather, or belt upon \ 

cast-iron pulley Ji 

Cast iron upon cast iron 

Iron upon cast iron | 

Oak, aim, yoke elm, iron, cast iron, 
and brass, sliding two and two one 

upon the other 

Calcul ous oolite upon oolite limestone 
Hard calcareous stone called muschol- i 
kalk upon oolite limestone .. ,./i 

Brick on calcareous oolite 

Oak on „ ■ 

Iron on , , 

Hard luuschclkntk on Mnschelkalk 
UoU-areoiiM oolite upmi „ 

Brick on masehtdkalk 

iron upon „ 

Oak on „ 

Calcareous oolite on calcareous oolite I 


The leather flatwise \ 
The leather on edge/ 

Parallel .. 
Perpendicular 

Parallel .. .. 


Flatwise . 
On edge . 
Flatwise . 


Wood upright 


Condition of tbo 
Surface*. 

Ratio of 
Friction to 
Pressure,/. 

Without unguent 

0*62 

Hu bind with dry soap 

0-44 

Without unguent 

0*54 

Moistened with water 

0*71 

Without unguent 

0*43 

„ .... 

0. 38 


0*09 

Rubbed with dry soap 

0 41 

Without unguent 

0*57 


0*53 


0*61 


0*43 

Moistened with water 

0*79 

Without ungueut 

0*74 


0*47 



0*50 

Moistened with water 

087 

Without unguent 

0*80 



0*62 

Moistened with water 

0*65 


0 05 

Without unguent 

0 02 

Moistened with water 

o-fia 

With oil, lard, tallow 

0 12 

Without unguent 

0*28 

Moistened with water 

0*38 

Without unguent 

0-lfi* 

n •• •• 

0*19 

Spread with tallow .. 
With oil, or lard 

oiot 

U'lit 

Without unguent 

0-74 

» .. 

0*75 


007 

„ 

003 

>i •• •• 

0*49 

„ „ 

0*70 

T» 

0*75 


0 07 

.. 

0-42 

With inortar, three 
parts fine sand, and 

004 

) 

0-745 

one part of hydrau- 
lic limo 


* The surfaces bring somewhat unctuous. 

t When the contact bad not been Jour enough to press out the unguent. 

2 Wiii'n tbe contact bad been long enough Ui press out tbe unguent sad bring tbe surfaces to an unctuous state. 
V After a ccotact of from tea to fifteen minutes. 
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II.— Fbictios or Plant. Stofaces is Monos vtos each otheb. 


Surfocr* In Contact. 


Parallel 

Oak on oak I Perpendicular 


Position of Fibres. 


\ Upright oti flatwise 
| Parallel .. .. 

Elm on oak { Perpendicular 

( Parallel 

Ash, pine, beech, wild pear, on oak .. „ 

Iron on oak „ 


Cast iron on oak 


Copper on oak .. .. v. 

Iron on elm 

Oast iron on elm 

Black curried leather on oak 

Tanned leather on oak 


Suite of Surfsoe*. 


Without unguent .. 
Ituhbed with dry soap 
Without unguent .. 
Wet with water 
Without unguent .. 


Wet with water 
Rubbed with dry soap 
Without unguent .. 
Wet with water 
Rubbed with dry soap 
Without unguent .. 


Ratio of 
Friction to 

Pleasure. /• 


I. 


Flatwise on edge . . { Wet wit f, w(l|or ' 
/Without unguent 


Tanned leather upon cast iron andl 

trass /I 


Flatwise 
edge .. 


and 




Hemp stripe or cords upon oak 

Oak and elm on cast iron .. . 

Wild pear on cast iron 

Iron upon iron 

Iron upon cast iron and brass 
Cast iron on cast iron and brass. 

Cast iron on cast iron 

I on brass 

on cast iron 

on iron 

Oak, elm, yoko elm, wild pear, eastjf 
iron, iron, steel, steel and brass, |J 
sliding upon euch other or them- 
selves 

Calcareous oolite on calcareous oolite 


Muschelknlk upon „ „ 

Common brick upon „ „ 

Dak on oolitic limestone 
Forged iron upon oolitic limestone 
Mnschelkalk upon muschclkalk 
Oolitic limestone upon „ 
Common brick on „ 

Oak on ,, 


Parallel 

Perjteudicular 

Parallel 


Iron on 


wet 


Wet with water 
Unctuous and 
with water .. 
Spread with oil 
Without unguent 
Wet with water 
Without unguent 


Wet with water 

Without unguent 

Lubricated in the 
usual way with 
tallow, bird, soft 
coom, fte. 

Slightly unctuous to 
the touch 
Without unguent 


Wood upright 
Parallel 




Wood upright .. „ 

Parallel .. .. { Wc t with water' 


0-48 
0*16 
0*34 
0*25 
0*19 
0*43 
0*45 
0*25 
0*36 to 0*40 
0*62 
| 0*26 
0*21 
I 0*49 
0*22 
[ 0-19 

I 0 62 

0*25 
1 0*20 
0*27 

0*30 to 0*35 
1 0*29 

. 0*56 

0 36 

0*23 

015 

0*58 

(P33 

0*38 

0*44 

• 

018f 
0*15f 
0*31 
0*20 
0*22 
0* 16$ 

]o*7 to 0*8§ 


0*15 

0*64 

0*67 

0*65 

0*$* 

0*69 

038 

0*65 

060 

0*38 

0*24 

0-30 


• Surface* worn when tli«v was no unipient. 
f *n»e surhion mill bring slightly unctiH.ua. 
j The aurfacea »Iifc>iUj' unctuous. 

V Wbcn the unguent U constantly supplied, and uniformly laid on, this ratio may be lowered to O'OH. 

Table II. relates to plane surfaces in motion upon each other ; Table III. applies to journals in 
motion upon their bearings. The values given by these Tables ought not to Is? used except to 
calculate the friction of two surfaces in motion upon each other, after the period in which the 
coefficient of friction at the starting has been introduced. 


Digitized by Google 


FRICTION. 


1585 


in.— Friction or Journals in Motion upon their Pillows. 




' Ratio of Friction to the Ptcmopo 
when the Unguent is renewed. 

Surface* in Contact 

State of Surface*. 



in the Common , 
Way. 

Continooiuly. 


f j Unguents of olive oil, of lard, of 



• 

| tallow, or of soft coom 

I O-OTtoO OS 

0 030to0 054 

Cast-iron journals on cast-, 
iron bearings 

With tho same unguents and moist- , 

ened with water 

, Asphalto 

0*08 

0*054 



1 nctuous 

0*14 



j Unctuous and wet with water 
1 Unguents of olivo oil, of lard, of 

0*14 


Cast-iron cushions on brass 
cushions 

tallow, and of soft coom .. 

1 Unctuous 

, Unctuous and wet with water 

0*07 to 0*08 
0*16 
0*16 

0 03 to 0*054 


, Slightly unctuous 

0*10 

• 


! Without unguent 

018 

t 

Cast-iron journals on lig- 
num- vit® bearings 

[ Unguents of oil or lard 

^ Unctuous with oil or lard 
j Unctuous, with a mixture of lard 

o‘io 

0 090 


| and black-lead 

0*14 


Wrought- iron journals on f 

1 Unguents of olive oil, tallow, lard, 



cast-iron bearings .. 

i 

or soft coom 

0*07 to 0*08 

ft 030 to 0*054 

i Unguents of olive oil, tallow, lard 

0*07 to 0 08 

0*030 to 0*054 

>\ mught-iron journals onl 

j Unguents of soft coom 

009 

,, 

brass bearings .. ..j 

Unctuous and wet with water 

0*10 


Blightly unctuous 

0*25 

V 

Iron journals on lignum-f 

j Unguents of oil or lard 

0-11 


vit® bearings . . , | 

Unctuous 

0*10 


Brass journals on Lra^j 

Unguents of oil 

010 


bearings \ 

i Unguents of lard 

0*09 

„ 

Brass journals on cast-iron j 
cushions j 

| 

Unguents of oil or tallow 


0*030 to 0*052 

Lignum -vit® journals onf 

Unguents of lard 

0*12 


cast-iron cushions . . . . \ 

' Unctuous 

015 


Lignum -vit® journals oni 
lignum-vit® cushions . . / 

j Unguent of lard 


0*07 


• The surface* began to wear. + The wood being slightly unctoon*. X The surface* began to wear away. 


Application to Oates . — Let L he the horizontal width of a pa to tinder a certain head of water, and 
H' the head or height of lovcl al*>Ye a horizontal section of this gate, of a thickness A' infinitely 
small. The pressed surface of this element will be L A', and the pressure which it will experience 
will be 63*32 L II' A'. The total pressure upon the entire surface of the gate being equal to the 
sum of all the similar pressures upon each of the elements, will have for its value 

62 32 L (IT A' + H" A" + H"' A'" + Ac.). 

Now, the products L IT A', L H" A", &c., are the moments of tho elementary surfaces L A', L A", Ac., 
in relation to the plane of the level, and their sum is equal to tho moment of the whole surface equal 
to L E H. Calling E tho height of the gate pressed, and H tho distance of the centfo of gravity 
from the surface of the level, or the head upon the centre of the 
figure. Then tho total pressure is 62*32 LEII, and the friction 
which results against the slides of this gate is 62*32 / .LEII, 

/ being the ratio of the friction to the pressure for tho surfaces 
in contact, a ratio whose value should be taken from tho first 
Table, if wo arc to calculate the effort required to put tho gate 
in motion. 

Example .— If L = 6*56 ft., Fig. 3049, F. s 1148 ft. H = 

4*92 ft., the first Table gives for a wood gate of oak sliding 
with crossed fibres npon oak wet with water / =: 0*71 ; we have 
then for the friction 62*32 x 0*71 X 6*56 x 1'148 X 4*02 ft. 

« 1639*4 lbs. 

The effort should be transmitted in the direction of the racks 
fixed upon the gate ; and as it is considerable, it will be proper 
to arrange a kind of screw-jack, suitably proportioned, for the 
establishment of which wo may take as the effort to be exerted 
by a man upon the winch, at any instant, from 55 to 66 lbs. at moat, and during the motion from 
22 to 26*5 lbs. 

When the gate is in motion, the effort to be transmitted to the racks is much less, because 

5 r 
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tho ratio of the friction to tho pressure diminishes, and is reduced for a gate with moistened 
slides to 0-25, which gives for the friction during motion, 

62*32 X 0*25 LBH = 62 32 x 0 25 x 6*56 x 1 148 x 4 -92 = 577*2 lbs., 
at the first instant, and a value decreasing with the raising of the gate, or as the head II upon its 
centre is lessened. 

We hardly need to say that, in working the gate, we must calculate for the maximum effort. 

Application to Saw-frames . — If we have, for example, the frame of a saw for veneering, subjected 
to a pressure of 110 274 lbs., and provided with iron strips sliding in brass grooves, greased with 
I awl, we have, if the surfaces are well lubricated, for the friction, 0 ■ 07 X 110*274 = 7 '719 lbs., and 
if they arc* unctuous, 0* 15 x 110*274 = 1G*54 lbs. 

If tho stroke of the frame is 3*936 ft., and the number of strokes 180 in 1', tho space described 
in 1" will be 11*81 ft., and tho work consumed by the friction of the frame in 1" will be in the first 

case, 2 x 11 *81 X 7 719 = 182*32 lbs. ft. = - horso-powor nearly; in tho second case, 

2 

2x 11*81 X 16*54 = 390-G61bB.fi. = - horse-power nearly. 

Application to Journal n . — To calculate the work consumed by tho friction of the journals of a 
revolving axle, wo l>egin by socking tho resultant of the forces acting around this axle, and decom- 
pose this into two, the one* horizontal and tho other vertical, and wc take separately the resultant 
of each of those groups. Calling X the sum of the horizontal components, Y the sum of the 
vertical components, the goucral resultant will bo J X* + Y*, and tho friction produced by it will 
bo /VX*+ Y*. 

Tho theorem of Poncclet, already cited, informs us that when wo do not know the order of 
magnitude of X and Y, we may calculate to nearly - of tho value of tho radical by the formula 
0 *83 (X 4- Y), and that if wc know beforehand that one of the terms, X for example, is greater 
than the other, which is most usually the case, we shall have the value of the radical to ^ nearly, 
by the expression 0*9<iX + 0*4 Y. 

Suppose, for example, that we have a hydraulic bucket-wheel weighing 88,219 lbs., transmitting 
a useful effect of 50 horse-power to tho exterior circumference, and, imjtarting motion to a pinion, 
so that the useful resistance may be horizontal and represented by Q. Suppose the radius of the 
wheel R = 9*84 ft., the velocity at its circumference to be 5*249 ft., and the radius of the gearing 
wheel R’ = 6*56 ft. Tho effort P transmitted to the circumference of the wheel will be 


The pressure upon tho journals of the hydraulic wheel will bo V(M -f P)* + Q*, or, since 
M = 88219 lbs., ana consequently M ■+• P is greater than Q, wo may take for au approximate value 

of tho radical to ^ nearly, 0*96 (M + P) + 0*4 Q. 

For uniform motion, the moment of the power P must be equal to tho sum of tho moments of 
resistances. We have then, in calling r the radius of the journal = 0*393 ft., / = 0*07, 

5239 lbs. X 9*84 = Q X 6*56 + 0*96(0*07) (88219 + 5239)(0*393) + 0*4(0*07)(Q X 0*393); 

, ^ 5239 X 9*84 - 0*96 x 0*07 x 93458 x 0-393 

whonoe Q = 6-56 x 0-4 x 0 07 X 0393 = 7469 lb *- 

whilo if wo had neglected the friction of the journals, wo should have found 

_ 5239 x 9*84 .... . «, 

Q = = 7858*6 lbs. 

b‘00 

* 2 

The velocity of the gearing wheel being 5*249 X - = 3-499 ft. Tho work transmitted to this cir- 


cumference in 1" is 7469*8 lbs. x 3*499 = 26137 lbs. ft. = 47*5 horse-power. The loss by the 
friction of the journals is then 50*00 horse-power — 47*5 = 2*5 II. P. 

If the surfaces of the journals had not been unctuous the loss would have been double. 

The Bpaoe described by the rubbing points, being one of the factors of work consumed by the 
passive resistance, it is important to diminish it as much as possible, and consequently to give 
tho journals only such dimensions as will ensuro a proper strength. 

To calculate their diameter in tho establishment of the wheel, wo disregard the friction, which 
will give us a first value of Q = 7858 lbs., a little too much, and consequently for the resultant of 
tho efforts to which tho journal is subjected, (93458) 1 -f (7858*6)* = 93787 lbs. 

Each journal supports then nearly 46893 lbs. of pressure, and its diameter, calculated by the 
formula for journals of hydraulic wheels, will bo rf = -00364 tj 46893; whence J = 0*788 ft. 

This is tho value which we have adopted in the preceding calculation. 

C. Schiele’s Anti-friction Curve . — This invention consists in tho application of a curved form 
(instead of a rectilinear form usually employed) to the construction of cocks and valves, and also 
to the construction of axles, journals, bearings, or other rubbing surface*) in machinery in general, 
in order to reduce their friction and consequent wear and tear. 

Fig. 3050 represents a plan and end view of a small apparatus for describing such a curve. 
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<i a is a small wooden slide, to which the rod 6 6 is jointed by mean* of a pin c. d is a slide or bush, 
to which a drawing pen is affixed, and cc is a ruler, along the edge of which the slide a is to )>e 
guided. If the slide a and roil 66 be so placed that the pin c shall l>o at / and the j>en d at the 
point the centre line at the rod 66 will then be over the dotted line < 7 /, at a right angle with 
the dotted line / n ; and if tho slide a be then guided along the edge of the ruler ee the pin c will 
move along the dotted lino l n, dragging the pen <1 after it, which in travelling over a horizontal 
plane will describe the curved line A m. The pen d can bo moved upon the rod 6 to the proper dis- 
tance for the curve required, and is kept in that and in a vertical position by a spring which tits in a 
groove. / n is the axis of the curve, anil g /, A /, m n, represent some of the tangents al»ove mentioned. 

Pig. 3051 represents a vertical section of the shell of a stop-cock, showing the application of 
this invention to the seats or surfaces of contact. The dotleu lines near the top of the plug a 
represent a groove in the plug for the reception of a key. 

Fig. 3052 represents the application of this curve to tho seats or surfaces of contact of lift- valves 
for pumps. 

Fig. 3053 shows its application to the journal and bearing of a regulator for a loeomotivo 
engine, to be used instead of a stuffing box. a is part of the boiler of a locomotive engine ; 6 is tho 
spindle of the regulator, and c is the journal ; d is tho bearing, and e is the lever or handle by which 
the regulator is turned. The spindle 6 is furnished on that end which is inside tho boiler with a 
square hole for the reception of the squared end of a rod < 7 , which has to transmit the motion to the 
valve. 


3CSG. SMI. 30 sx 



Fig. 3054 shows the application of Christian Schiele’s curve to the journals and centres of 
turning lathes. 

Figs. 3055, 3056, show the application to axles on the parts a , 6 , c. Here the pressure acts only 
at intervals in the direction of the axis, and must therefore be borne separately. The difference 
of their oonstraction from that commonly in use will be seen on comparing Figs. 3055, 3056, with 
Figs. 3057, 3058. 

5 1 2 
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Figs. 3059, 3060, show tho application of this curve to pivots or axes for astronomical, or survey- 
ing, or other such instruments for comparison; see Fig. 3061, which shows a mode of construction 
now commonly in use. Tho curved form, as shown in Fig. 3060, is also applicable to footsteps of 
upright shafts. 

3061. 3062. 



Fig. 3062 shows tho application of this invention to the construction of the threads of screws. 
When the pressure against the surfaces to be constructed in the mode described acts in the direction 
of the axes of such surfaces, then Schiele commences the construction of tho curve with that |»rt 
which is Bhown in Fig. 3050 at g; for examples, see Fig. 3051, at 6, c, and d \ Figs. 3052, 3053, at 
c, </, anil i ; Figs. 3055, 3056, at a, 6, c : Fig. 3060 and Fig. 3062. When part of the pressure acts 
from the side we have to commence with such a part of the curve which in its inclination to tho 
axis would give tho best resistance to the middle pressure of the combined forces ; for examples, 
see Fig. 3051 at <i ; Fig. 3053 at A A ; Fig. 3054 at a and 6, and Fig. 3059. 

Fig. 3063 shows the application of Schiele's curve to a safety-valve. Fig. 3064 to a lock-up 
safety-valve. Fig. 3065 to the feed-cock of a pump. Fig. 3066 a universal cock adjustable at any 
angle down to a right angle. Fig. 3067 the journal of a screw propeller. Fig. 3068, turning joint 
for pipes of oscillating engines. Fig. 3069, axis for astronomical instruments ; also applicable to 
swing-bridges. Fig. 3070, pivot for turn-tables. Fig. 3071, pivot for Bhafting. Fig. 3072, pivot 
for sluice-doors. Fig. 3073, pivot for a journal for latbe-spindlc. Fig. 3074, castor. Fig. 3075, 
cart axle-tree. Fig. 3076, joint of rods for boring Artesian wells. Fig. 3977, screw-collar. Fig. 3078, 
pivot for Archimeaian screw. Fig. 3079, worm and wheel. Fig. 3080, screw-jack. Fig. 3081, pivot 
with anti-friction metal. 
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This curve, termed the anti-friction curve bv Christian Schiele, is known to mathematicians as 
the tractrix; it ha* been erroneously identified with the catenary. This curve wm invented by 
Christian Huygens and received its name from a supposition that it is the curve which would be 
described by a weight drawn on a piano by a string of a given length, the extremity of which i* 
carried along the directrix A B, Fig. 3082. Euler has shown that this conclusion is wrong, unless 



the momentum of the weight which is generated by its motion be every instant destroyed. See 
Kuler, AbflO. Comm. Potrop. 17S4. However, to Schiele is duo tho crodit of applying this curve 
to efTect an iiuportaut mechanical requirement. 

The characteristic property of the anti-friction curve, or tractrix, is that the locus of a point T, 
on the tangent P T, at a given distance from the point of contact, is a straight line A X, which is 
called the directrix of tho curve. 

To Jirvi t/w o] tuition to Me Anti-friction Currt . — Let the intercept (PT) of the tangent between 
the directrix A X and ]>oint of contact P be put = a. Then by the general formula for the sub- 
tangent 

From integrating [1] we obtain 


m 




[ 2 ] 


In general terms 1, (y) is pot to represent the dual logarithm of y to tho base B = 1 •00000001 ; 

but corresponds with the hyperbolic log. of y to eight places of decimals. J, (y) = » 

10 * 10 "* 
to any of the dual hoses B„ or K-, is termed the logarithm of y. Equation [1] may be found by 
differentiating [2], ami thus verify the integration. 

[2] may be put under the form 

* = J* [> + (<** — y*)*] - a J > (y) — (o 5 — y 1 )* ; 


dx 

dy 


ydx 

*iy 


« . ?/ . 

(a 5 - r)* [a + («» - ir) } ] y (a- - y=)* ' 

= ^ 

a (a> — y*)» + (a 1 — >j’) {*’ - if')* 
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and — 


ydx 

dy ' 


r i*' /] 1_ 

L + (a* - y*) 1 -I («* - y 1 ) 1 


“! r 


('<• 

- 


■ y’ [„ + (<■■ _ y 1 )*] / 1 \ 

<• + («’ — y’>* (<■* - y’)* 


a + (a* - y ’)' 


consequently, 


ydx 

'~dy 


« + («* — y’)* 


„» + „ ( a » - j|I)t - y» = _ J 

« + (» s -y I ) i 


The logarithms here employed may be found in any case without the use of tables. See ‘ Dual 
Arithmetic, a new Art,* by O. Byrne. 

To find tk e equation of a tangent through any given point 1 * on the Curve. — Let the co-ordinates 
of the given point bo x, = A M and y, = M P. 


From [1] ^ - 

ax 


P] 


(«* - y-)* 

Hence the equation to the straight line passing through P, and touching the curve at P, is 

Vi 


r - y, = - 


(a’ - y,’) 1 


(* - x t ) ; 


[4] 


The geometrical construction for applying a tangent to the anti-friction curve is obviously 
pointed out by [4}. With the centre A and the radius a = A B let a circle be described ; through 
any point P of the curve let the ordinate PM be drawn, ami P P' parallel to A X, meeting the 
circle in P r , and let P'A be drawn; « lino PT parallel to P' A is a tangent to the curve at P. 

For tangent of P' A M' = — — = tangent of the angle P T M. It is evident that when 

(a* — y*)> 

y = ± a x = 0, therefore if A B .= + a and A IV, Fig. 3082, = — a, the curve meets the axis of y 
at the points B, B' : and in [4], if y, = ± a, and x, = 0, the equation becomes x = 0, which shows 
that the axis of y touches the curve at the points B, B\ 

If [3] be differentiated, we have <P y = ^ ydx*, hence, d 1 y and y have always the same 

sign, and the curve must be everywhere convex towards the directrix. 

By [2] it apjiears that for each value of y there are two equal and opposite values of x, and for 
each value of x there are two equal and opixwito values of y. Therefore the four branches of the 
curve, included in the four right angles round the origin A are perfectly equal and similar, nud 
such as if placed upon each other would coincide. It also appears by equation [2] that, as x 
increases without limit, y diminishes without limit, and consequently the directrix A X is an 
asymptote. 

To quadrate the Anti-friction Curve , from [1] wc have ydx = (a* — y*)^ d y. On one side of this 

equation, ydx is the differential of the area ABPM; and since — (a* — y*y = A M\ = P' C, the 
other side is the differential of the area B P'0, and therefore taking the integrals of both sides we 
have PBAM = BFC. Also, since the triangle FAM' = PT M, the area B PT A is equal to 
the sector B A I*'. It also follows that the whole area included by the four branches is equal 

to the area of the circle B P* B\ To rectify this curve, we find from [1], - = (d y* + d x 3 )^ 

the general expression for the length of any plane curve referred to rectangular co-ordinates. The 
negativo sign is appended to , because the length of the arc increases as y diminishes. By 

integration we havo — a J , (y) + C = f*(Jjp + d y*)^. To find the constant C, let the arc K bo 
supposed to begin at B, so that when & = 0, y = a ; henco — a J , (a) -f C = 0, C = a j , (a), and 
hence wc find the length of the arc K = a j, . If a = 3 in. and y = *3 in. ; then the length 

of the ere K = 6 90775527 in. For ' ‘ 




J. (10) = 2*30258509; and 2*30258509 x 3 = 

6*90775527 in. When K and y arc given a can be found by dual arithmetic, but by no other 
known means. 

Putting r for the radius of curvature at any point P. Fig. 3082, and substituting in the general 
formula for the radius of curvature tho values of the first and second differential coefficients, wo 

find r = — ° ^ . Hence by geometrical construction the radius and centre of the osculating 

circle may be found thus; — let PQ be perpendicular to the tangent at P, and produced to meet a 
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porpendicular to the directrix at T, the intercept PQ is the radios, and Q the centre of the 
osculating circle ; for PM ! PT " T M : P Q, by the similar triangles M P T, R P Q. 

7b find the evohtte of the Antifriction Curve . — Let the co-ordinates of the centre of the osculating 
circle be x lt y,. By substituting in the general formula} for the values of these the particular values 

of the differential coefficients, the results are y t = and x x = x + a S^b — — • Eliminating x 

r v 4. fy * — a*)^”l 

and y by means of these equations, and that of the curve, the result is x, = a ], I— J > 

which is the equation of the ©volute. The evoluto of the anti-friction curve of Schiele is therefore • 
a catenary, whose parameter is a = A B, Fig. 3083, whoso vertex is at B, and whose axis is A Y. 

3083 . 



If a string P G applied to a catenary G B, have its extremity P at the vertex It, and be wound off, 
its extremity P will describe the anti-friction curve, in the examination of which mathematicians 
hove bl unde red much. 

FRICTIONAL GEARING. Fr., Engrenage de frottemmt ; Grr., Frictionscheiben ; ItaL., 
liuote ad attrito ; Span., Organo de trasmision de motimieiUo sin friccion. 

Bee Gearing. 

FUEL. Fr., ComfmstihU; Gfr., Brennmatenal ; Ital., Comhustifnie ; Span., Combust ibie. 

Great quantities of combustible substances, of immense importance in metallurgy and tho 
various arts, are found in the bosom of the earth. They are evidently products! by tho decom- 
position of vegetables which grew in tho vicinity, or tho ddbrisof vegetables carried down by rivers. 
Peat mosses exhibit, though on a smaller scale, an example of this formation ; as they consist of 
innumerable herbaceous vegetables, spontaneously decomposed by the action of water and atmo- 
spheric air ; and their various stages of alteration may be followed, from tho perfectly herbaceous 
turf to the earthy turf presenting but few or no recognizable remains. 

The vegetable structure is frequently perfectly preserved in the mineral combustibles of tho 
tertiary formation, where pieces of wood, called lignite, aro found still retaining their original form, 
but having become friable, and yielding a brown powder by pulverization. 

In the mineral fuel of older formations, the vegetable structure has generally disappeared, and 
it forms black, brilliant, compact masses, of a schistose texture, yielding a black, or more or less 
brown powder ; it is called pit-coat, or sea-coal, and is rare in the secondary, but very abundant in 
the transition formation, in the upper stratum of which they are so frequent as to characterize 
them by the name of coal formation. 

In the upper strata of the transition rocks the mineral fuel, which is sometimes called anthracite, 
is generally very compart, rich in carbon, difficult to ignite, and yielding but little volatile matter 
by calcination. Anthracite is sometimes, though rarely, found iu the superior strata, and even in 
the secondary rocks. 

Pit-coal of the coal formation yields on calcination a great quantity of volatile substances and 
inflammable gases, and experiences, prior to decomposition, an incipient fusion, while the cool 
remaining, or the cote, presents the appearance of a swollen or bloated maos. Although the 
structure of plants can no longer be recognized in certain combustible minerals, their vegetable 
origin is undoubted, for in the layers of schist or sandstone which bound the layers of coal, impres- 
sions of plants are frequently found, which are so distinct and clear os to enable the botanists 
to detect the family to which they belong, and thus, partly, to restore the flora of anlcdiluvial 
epochs. 

In tho tertiary rocks a mineral fuel is also found, which is soft, or easily fusible, forming 
irregular masses, or a kind of strata, and presenting a bearing analogous to that of the lignites, 
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whilo at other times they permeate layers of Bchist or sandstone belonging to various geological 
formations, and then seem to arise from the decomposition, by heat, of other combustible minerals 
contained in the earth. Some of these substances, which are called bitumen, contain a large amount 
of nitrogen, and are fetid, yielding, on distillation, considerable quantities of carbonato of ammonia. 
They appear to have been generated by the putrefaction of animal matter, chiefly by that of fishes, 
the impressions of which are frequently found in the neighbouring rocks. 

Coals may be divided into five classes 

1. The anthracites. 

2. Fat and strong, or hard pit-coal. 

3. Fat bla c kem ithr or fa'liumnotu coal. 

4. Fat coal burning with a long flame. 

5. Dry coal burning with a long flame. 

1. Calcination scarcely changes the appearance of anthracites, as their fragments still retain 
their sharp edges, and do not aduere to each other. They have a vitreous lustre, and their surface 
is sometimes iridescent, while their powder is black or greyish black. They burn with difllcnlty, 
but generate a large amount of heat when their combustion is properly effected. In N<ist furnaces 
anthracites require a groat blast, anti those only can bo used which tfo not sooo'fall to powder, as 
otherwise the furnace would be speedily choked. We find that authracite is used in Wales for 
heating reverberatory furnaces; and it is now proper to remark, that the flame produced by tho 
combustible under these circumstances is not owing to the combustion of the volatile substances 
given off by tho anthracite, but rather to the combustion of the carbonic oxide formed by tho 
passage of air through a thick layer of fuel. 

2. Fat and strong, or hard pit-coals, yield a coke with metallic lustre, but less bloated and 
more dense than that of blacksmiths’ coals. They ore more esteemed in metallurgic operations 
reqniring a lively and steady fire, and yield tho best coko for blast furnaces. Their powder is 
brownish black. 

3. Fat bituminous, or blacksmiths* coals, yield a very bloated or swollen coke, with metallic 
list re, and are more highly valued for forcing purposes, because thov produce a very strong heat, 
and allow tho formation of small cavities, m which the pieces to be forged can bo heated. Black- 
smiths’ coal is of a beautiful black colour, and exhibits a characteristic fatty lustre: its powder is 
brown. It is generally brittle, and breaks into cubical fragments, which adhere to each other in 
the fire. 

4. Fat coals burning with a long flame generally yield a swollen, metalloid coke, leas bloated, 
however, than that of blacksmiths’ coal. These coals are much esteemed in a reverberatory furnace, 
particularly when a sudden bloat is required, as in puddling, and are also well adapted to domestic 
purposes, and are preferred for the manufacture of illuminating gas. They yield a good coke, but 
in small quantity, and their powder is brown. 

5. Dry pit-coal burning with a long flame yields a solid, metalloidai coke, the various fragments 
of which scarcely adhere to each other by carbonization. This coal is also applicable to steam- 
boilers, and burns with a long flame, which however soon fails, and does not produce tho samo 
amount of heat ns the coals of the preceding class. 

The elementary analysis of eomoustible minerals, which easily explains their various properties, 
and indicates the uses to which each is most applicable, is effected like that of organic subxtnuces ; 
but os coal is generally difficult to burn, it is necessary at the close of the experiment by which the 
qnautity of water and carbonic acid it contains is determined, to pass a curreut of oxygen gas 
through a tube, which bums the last particles of carbon. The organic analysis of coal yields tho 
hydrogen, carbon, and nitrogen which they contain ; but it is also necessary to determine the pro- 
portion of earthy matter which exists in very various degrees in them, and which remains in tho 
ashes after combustion. 

For this purpose two grammes of the coal are ignited in a thin platinum capsule, heated by an 
alcoholic-lamp, and the ashes remaining arc weighed. This method of incineration is difficult, 
and requires considerable time, only in those anthracites which do not burn readily, and it is then 
more easily effected if the coarsely-powdered anthracite be placed in a small platinum vessel, 
heated in a curreut of oxygen in a porcelain tube. 

It is essential carefully to examine the nature of the ashes. Sea-coal of the coal formation 
frequently leaves argillaceous ashes, in which easo there is a trifling error iu the supposed com- 
position of tho fuel, because the small quantity of water always contained in clay, and which it 
loses at a red heat, is regarded as existing in the state of hydrogen ; and this error, which U of no 
importance if the quantity of ashes is small, may be considerable in the opposite case. The ashes 
often contain, likewise, peroxide of iron, which metal generally exists in coal in the state of pyrites, 
and the analysis is thus inaccurate for two reasons : the proportion of ashes is valued at hxi low a 
rate, because, instead of the iron pyrites, sesquioxide of iron is weighed, tho weight of which for 
the same quantity of iron, is less ; and again, in combustion by oxide of copper, the substance may 
yield sulphurous acid, which interferes with the determination of hydrogen and carbon. The latter 
cause of error is avoided by placing in the combustion-tube, in front of the oxide of copper, a 
column of one or two decimetres of oxido of had, which completely retains the sulphurous acid. 
The quantity of pyrites in the coal may be ascertained by determining, on the ouo hand, the 
quantity of Mtquioxide of iron which exists in the ashes, and, on the other, the quantity of 
sulphuric acid yielded by a known weight of coal, powdered very finely, and acted on by fuming 
nitric acid, or ordinary nitric acid, to which small quantities of chlorate of potassa are gradually 
added. It is evident that these determinations are necessary ouly when the combustible produces 
a large quantity of ashes, and when tho latter are very ochreous. 

Goal belonging to the secondary and tertiary formations often yields calcareous ashes, in which 
case it becomes necessary, before weighing them, to sprinklo them with a solution of oarbotmte of 
ammonia, which is subsequently evaporated at a gentle temperature. But the determiuation of 
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the carbon is generally inaccurate, because the carbonato of lime of tho ashes gives off, by ooutact 
with tho oxide of copper in the combustion-tube, a portion of its carbonic acid ; and the oxide of 
copper must then bo replaced by chromate of lead, intimately and largely mixed, with the coal 
reduced to impalpablo powder, after which tho carbonic acid produced by tho carbonate* of tho 
ashes, which 1ms been determined by direct weighing of these carbonates, is subtracted from the 
carbonic acid formed by combustion. 

Coal also retains one or two per cent, of hygromctric water, which must be previously driven off 
by drying it in a stove at 270° or 280°. 

It is necessary, in order to form a correct judgment of the nature of a combustible, to determine 
the weight of coke it yields by burning ; anu it is Indispensable tliat this operation should always 
bo conducted under the snmo circumstances, as the quantity and nature of tho coke depend on the 
manner of calcination. The best method consists in placing 3 grammes of the coal in a thin 
platinum crucible, accurately covered by its lid, and rnpidly heating to a rod beat. The crucible 
is kept at a red heat for eight minutes, and after cooling without being uncovered, the coke is 
weighed and carefully examined. 

The calorific power of fuel is calculated from its chemical composition ; admitting that this 
power is equal to tho sum of that of tho carbon it contains, and that of the hydrogen obtained by 
subtracting from the total quantity of hydrogen that which would form water with the oxygen 
contained in the fuel. This hypothesis is not strictly true, but it may be admitted when the 
quantities of heat afforded by various kinds of fuel are only to bo compared by approximation. 

This comparison is generally made in another way, based on tho supposition that tho calorific 
powers of combustibles are in proportion to their reducing powers; that is, to the weight of the 
same oxide which they can reduce to the metallic state. An intimate mixture of 1 gramme of 
finely-powdered combustible ami 40 grammes of lithargo being introduced into an earthen crucible, 
20 grammes of litharge are added, and the crucible is covered with its lid and rapidly heated to a 
red heat. It is allowed to cool, and, after being broken, tho lump of lead is weighed, which rapidly 
separates from the scoria of the litharge ; and it is assumed that the calorific powers of combustibles 
aro in proportion to tho weight of lead yielded by this experiment. This supposition is not 
absolutely exact, because combustibles yield, before attaining tho temperature at which they act on 
the litharge, a small quantity of volatile substances possessing a reducing power — which substances 
are more abundant in combustibles of recent formation than in those containing a larger proportion 
of oxygen. 

The following Table exhibits the composition of a large number of kinds of mineral fuel, taken 
from various geological formations, and from the kinds l>est marked and most extensively applied 
in the arts. The fragments containing least ashes lrnvo also been chosen, in order to cast no 
uncertainty on the composition of the combustible itself. 

The Table contains, 1st, the actual composition of the coal, as afforded by direct analysis ; and, 
2ndly, the composition calculated by abstracting tho ashen contained. 

In order to see how the composition of mineral combustibles varies with their nualities in tho 
arts and geological age, the numbers contained in the last threo columns of the Table must l>e com- 
pared ; that is, those which exhibit the composition of them' combustibles after the ashes are 
removed. On assuming as a standard of comparison the coals of tho tliinl class, and ascending 
from this to those of the second, it will be found that the quantity of hydrogen is nearly the same, 
but that the oxygen has remarkably decreased and tioen replaced by carbon. On jiassing from the 
second class to the first, it will be observed that both the hydrogen and oxygen decrease, while 
the carbon increases in tho same ratio. 

Starting always from tho blacksmith*? coal, wo descend toward the fourth class, and remark that 
generally the hydrogen exists in greater quantity, and that the carbon decreases remarkably and 
is replaced by oxygen. Lastly, in the fifth class, the oxygen has still increased, and taken the 
place of a corresponding quantity of carbon. 

Fat pit-coal may become dry in two ways : cither by passing into anthracite, the hydrogen and 
oxygen both decreasing, and the carbon increasing in the same ratio, or by approaching the more 
modem combustibles, tho lignites, the carbon decreasing and being replaced by oxygen ; in which 
latter case the ratio between the oxygen and hydrogen increases. 

By now comparing tho combustibles of the secondary with those of tho coal formation, it will bo 
seen that, in the inferior stratum of the latter formation, the same variety can be distinguished. 
Thus, tho anthracites of Lamuro and Mocot, which are found in tho lower part of tho Jurassic 
rocks, present the same composition as those in the transition rocks ; while the coal from Obcra- 
kirchen, which also exists in the Jurassic formation, has tho same properties and composition as 
those of the carboniferous formation. Lastly, the coal from Ceral, which also occurs in the Jurassic 
formation, belongs, on account of its composition and applications in the arts, to tho class of fat 
coal burning with a long flame. 

The cool found in the upper stratum of secondary rocks resembles, on the contrary, tho 
combustibles of tho tertiary rocks or the lignites, which differ from the coal of the older rocks by 
containing leas carbon and more oxygen ; and as their formation approaches a modem period, their 
composition resembles moro closely that of wood. Tho charcoal they yield by calcination becomes 
more and more dry : thus, the jet of chalk still yields a fritted metalloid coke, while the lignites of 
the tertiary rocks produce a non-metalloid charcoal, the fragments of which do not adhere to each 
other, and resemble in appearance wood -charcoal. 

The bitumens, which are evidently products of distillation of older combustibles, or produced 
by the spontaneous decomposition of animal substances, differ essentially from coal properly so 
called, by containing much larger quantities of hydrogen. 

Bee Assaying. Ballast, p. 218. Blast ’ Furnace. Boiler. Brick-making Machine. 
Chimney. Coal Mining. Cotekb. Distilling AtAratus, p. 1218. Engines, Varieties oe, 
p. 1418. Heat. Ventilating and Warming. 
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FULLER'S EARTH. Fr., Argile smectique, Terre a fouhn ; Oek., Walkererde ; Ital., Creta da 
9odare i panni. 

Fuller's Earth . — Tho fullor’rt-earth pits of Nutflold, near Rcigato, arc extensively worked, and 
supply large quantities of this substance to tho clothing districts. There are two kinds, one 
greenpr than the other, owing to the presence of silicate of iron ; but both exist under the same 
geological conditions, occurring in the lower cretaceous series, and differing little in chemical con- 
dition. Fuller’s earth consists of about 45 silica, 20 alumina, and 25 water. When placed in 
water it almost dissolves, and when exposed to great heat it melts. It combines readily with 
grease, forming a kind of earthy soap, and for this reason is valuable in the manufacture of cloth 
made of animal fibre. The following is the mode of purifying and procuring the raw material for 
use; — The fuller’s earth, after it comes from the pit, is baked or dried by exposure to the sun, and 
then thrown into cold water, where it falls into a powder, and the finer parts are separated from 
the coarser by a method of washing in several tubs, through which the water is conduchxl, and 
where it deposits the different kinds in succession. These are used for different kinds of cloth, the 
coarser part for the inferior, and tho fine for the better kinds of cloth. The soapy combinations 
formed by fuller’s earth with the greasy portions of cloth during the fulling of cloth, are supposed 
in some measure to servo tho purpose of mordants. 

FUNNEL. Fr., Entonnoir, Event, Untie de chcminfe ; Gf.k., Trichter , Luftschacht, Rauch fang ; 
Ital., Camino; Span., Chimenea. 

A funnel, possessing many advantages over those in ordinary use, invented by M. Bignon, is 
shown in Fig. 3084. Bignon s funnel is constructed of sheet irun. The merit of this apparatus 
consists in its being furnished at its lower extre- 
mity with a oonicaliy-shapcd projection, which is, 
in fact, a screw, since it has a thread cut upon the 
whole of its length. Tho result of this arrange- 
ment is. that it will adapt itself indifferently to 
any sized bung-hole. At the bottom of this screw 
is placed a small clack-valve, which can he opened 
and shut as required. Fig. 3084 is a vortical sec- 
tion passing through the axis of tho apparatus, 

Tho body E is of sheet iron, tinned inside and 
outside, and soldered to the upper part of the 
copper tube D, which has two little handles, d d\ 
cast in one piece with itself, and which serve to 
screw and unscrew tho funnel. As tho tul»e her- 
metically closes the orifice of the cask, the air, 
which endeavours to escape from tho interior, 
passes out through the little tube a, which has one 
extremity inside tho screw-tubo D, and the other 
outside the funnel. The lower extremity of the tubo 
forms a seat for the valve c, which is attached to 
the central rod A, whose upper extremity pusses 
through a socket t, which retains it in its proper 
place. The upper half of this rod lias a thread 
cut upon it to receive the boss of the handle M, 
which acts upon it like a nut. 'The modus operandi 
is very simple and efficacious. On turning the 
handle M to the right or to the left, the opening 
or shutting of tho valve c ensues, and the commu- 
nication with the interior of tho cask is thus 
opened or cut off, os required. There is a scale B 
attached to tho interior of the funnel, which can 
be graduated to the measures of capacity in 
ordinary use, and which therefore registers the exact quantity of liquid poured into the cask. This 
is a very great advantage when it is neoessarv to complete the filling of a cask already partially 
filled, and saves the trouble of first ascertaining the quantity in the cask and then of calculating 
that necessary to fill the cask. 

FURNACE. Fr., Foumeau ; Ger., Qfcn ; Ital., Fomo ; Span., Homo. 

Furnace*, or roast-ovens, are used for roasting ores ; they differ greatly in their construction, 
according to the method of their use. Iron ores are roasted in ovens similar to » common lime- 
kiln of largo size, and one that may servo for either roosting or burning lime. No fine or small 
ore can Ik? roosted advantageously in an oven of this kind. For other oreB than carbonates of 
iron, argillaceous ores, these kilns aro not well adapted. Pyrites cannot ho roasted in them, 
neither most other ores, because it is impossible to regulate tho heat so as to prevent tho melt- 
ing of the ore; and if this happens, of course that on? is either lost or is with difficulty recovered. 
In roasting poor iron ores it is extremely difficult to rcgulato the fire so that no parts of tho 
ore are burned dead or melted. For these reasons, kilus for roosting aro not so much in ubo 
as would naturally bo expected ; they save fuel, but arc more expensive in labour than the open 
heap. 

Reverberatory Furnace. — This apparatus forms one of the best furnaces for roosting ; but as its 
application is by no means general, and as tho form of a roasting furnace is modified according to 
tne kind, form, and uses of ore, wo shall allude to this method when treating of those substances 
to which it is applied. 

There is a variety of forms in the apparatuses for roasting, but we cannot perceive any a<l van- 
tage in the use of them ; neither in the form of lime-kilns, for wood ; nor cupola furnaces, con- 
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structed like porcelain kilns; nor large chambers, into which the flame from a grate is conducted 
through the ore; nor other forms of apparatus. These contrivances are not calculated for our 
smelt- works ; they cause more labour, and absorb moro capital, than a smelting business can 
afford. 

Principles of Roasting . — Roasting means to heat a substance, a metal, or a metallic ore, or matt, 
to at least a red heat, or such a heat that the mineral does not melt, but only the volatile or com- 
bustible substances are expelled, and at the same time as much oxygen becomes combined with 
the ore as it possibly can absorb. It is therefore a principal condition, that with the heat a liberal 
quantity of atmospheric air, or oxygon, is admitted. In some cases chlorine, carbonic acid, carbon, 
or steam, is required along with the air, or in their pure conditions. In most instances, the object 
is merely to oxidize the ore to a higher degree, or to drive off volatile matter and in the meantime 
oxidize the ore, or to combine chlorine with a certain metal, as silver; or to reduce ore to metal, 
and evaporate the latter, which is tho case with arsenic, zinc , and antimony. 

The operation proceeds faster when the ore is fine than when it is coarse, because more surface 
is offered to the oxidizing agent ; but this method includes the motion of the particles, so as to 
expose their various sides to the heat. It is not always necessary that the ore should be a fine 
powder ; but it is of great advantage to have it in pieces of uniform size, because the action of heat 
and air is more regular, and the surfaces acted upon are larger. In roasting more or less fine 
powder, it should be stirred and moved while hot. The melting of the substance must by all 
means be prevented, for in that case neither evaporization nor oxidation can lie accomplished. In 
the large operation, and in tho reverberatory furnace, the melting of anv kind of substance which 
is to be roasted is easily prevented. Roasting is always applied to oxidize iron ores, in order to 
obtain the highest degree of oxidation. A simple oxidation is performed when magnetic ores are 
exposed to heat and air, and transformed into peroxide. Chlorides are produced when, for instance, 
hot silver ore is brought in contact with chlorine, or a salt of chlorine, such as common salt ; the 
roasting operation is here performed to reduce the oxide. When arsenic is to be evaporated, wo 
put carbon in the mixture, and produce metal, which is more easily evaporated than its oxide. An 
evaporating, roasting process, is that which is performed on hydrated oxides, when only water is 
evaporated ; a compound operation is performed when evaporation and oxidation are produced at 
the Bame time. In roosting pyrites, blende, and arseninrets, the volatile substances are driven off 
by heat, and the remaining metal is at the same time oxidized, which is brought, in most instances, 
to the highest degree of oxidation. 

Tho affinity of the metals for other substances than oxygen, and tho form in which these com- 
binations appear, modify the process of roasting considerably. We shall allude to these particulars 
in the proper places ; but it may be right to stato here some general circumstances winch have a 
bearing upon the subsequent operations. Iron cannot by any means bo entirely freed from sulphur, 
phosphorus, or arsenic, by roasting; the presence of the vapours of water facilitates the expulsion 
of these substances, but the roasted oro never can be made entirely free from them. Blende, or 
sulphuret of zinc, is extremely slow to oxidize, and never can bo purified from all the sulphur. 
Sulphuret of bismuth is equally slow of oxidation, not for w ant of affinity for oxygen, but becauso 
it is so highly fusible that its melting cannot be prevented. Sulphuret of copjier is easily purified 
from all its sulphur. Galena is of very difficult oxidation, almost as much so ns bismuth. Sul- 
phuret of silver is easily liberated from its sulphur, and forms metal ; the same is true with gold. 
Mercury acts in a similar manner, but it requires some caution to uvoid evaporating the sulphuret 
of mercury with the sulphur. Sulphuret of antimony is of difficult oxidation, because it is 
extremely fusible. Sulphuret of arsenic is easily decomposed, but tho result of the oxidation 
evaporates ; the arecnious as well os the sulphurous acid both evaporate. The sulphurcta of nickel 
and of cobalt are easily oxidized, and form pure oxides. Phosphorus and araenic act in a similar 
manner as sulphur, and what applies to the latter applies to the former, with slight modifications. 
Phosphoric acid is more permanent than sulphurous acid, aud silver cannot be entirely freed from 
arsenic if once combined with that substance. 

In quartz-crushing establishments generally, tho assays of ores and tailings may be conveniently 
conducted in the furnace employed for retorting and melting, which is generally of sufficient sizo 
to admit of three or four fusions being carried on at tho same time. In regular metallurgical 
laboratories, for the sake of durability, and to prevent the cracking of the brickwork, the outside 
of the melting furnace is usually secured by iron plates, as shown. Fig. 3085, which represents 
that employed by F. Claudet, and in which A A’ are the fire-places, B B' tho fire-bars, and b b' tho 
ash-pits. The dampers C C' permit of regulating the draught, and the mouths of the furnaces are 
closed by the hinged doors D D', lined with baffle-plates. Instead of hinged doors, sliding plates 
are sometime* employed, and are, for general purposes, probably preferable. The dimensions of 
this furnace are, 10 in. square and 16 in. in depth above the fire-bars, which can, when necessary, 
be drawn out from the front for the purpose of allowing the coke to fall into the ash-pits 6 6', or for 
unclinkering tho grate. When used with charcoal, the crucibles must be supported on tho bars on 
pieces of fire-brick ; but when coke is employed, it has in itself sufficient resistance to allow of their 
being imbedded in tho fuel without any other support. 

The whole of the work lead produced nt Pontgibaud is purified before it can be treated by 
Pattinson’s process, and this is aone by exposing it at a low red heat to partial oxidation in a 
reverberatory furnace specially adapted for that purpose. The chief impurity contained in tho lead 
is antimony ; the others are sulphur, iron, arsenic, and copper. All are in relatively small propor- 
tion, but are still in sufficient quantity to render tho had hard. The accompanying drawings, 
Figs. 3086 to 8088, show the arrangement and dimensions of the furnace employed. 

Fig 3086 is an elevation ; Fig. 3087 a horizontal section at the level of the top of the pan ; and 
Fig. 3088 a vertical section through the tap-hole. The fire-place A is separated from tnc pau B 
by a bridge 3 ft. 3 in. wide, and tne furnace is provided with two doors 6, through which the dross 
may be removed. In principle this resembles the ordinary softening furnace with its cast-iron pan, 
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but Its greater size and solidity of construction render it much more economical than the furnaces 
usually employed for the purpose. 

Ou reference to the drawing it will be remarked that the pan is not only much larger than those 
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commonly employed, but has also a rounded form : the object in giving it this shape being to 
lminish the tendency to crack, to which all square-sided pans are so liable. Another essential 
lea lure in the construction of these furnaces is to make them perfectly lead-tight, in case the iron 
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should break. This ia moat effectually done by setting the pan on a bottom of well-beaten braaque 
2 ft in thickncaa, resting on a solid foundation of masonry. The sides of the furnace must bo 
cither of thick iron plates or of large cut stones. In either case the spaco between them and the 
pan should be at least a foot wide, and well filled with hard-beaten brusque. 

3087 . 



The lead is tapped from the pan through a small holo 
a, $ of on inch in diameter, bored in the bottom of the 
fmn, and communicating with a thick cast-iron tul>e b\ 
fastened to it by means of stud-bolts screwed into about 
half the thickness of the metal. Before charging, the 
hole in the bottom is plugged by a long tainted bar 
(tossed through an opening c, Fig. 3088, in the roof, cor- 
responding with the tapping hole, and placed vertically 
over it. This bar will not generally ston the holo quite 
tight ; especially after the furuncc lias open working a 
long time. Tho tube is, therefore, partly filled with 
bone-ash, firmly rammed in, a bar having been pre- 
viously placed in the tube in such a way that the channel 
left, after its withdrawal, shall correspond with the hole in the pan. This horizontal bar is even 
more necessary thon the vertical one; tho use of the latter being to take off the pressure of tho 
lend in tho pan, and regulate the flow of metal in tapping. The horizontal bar is put in and 
withdrawn by the aid of a sledge ; in much the same way as, though more easily than, a tapping 
bar at tho blast fnmace. 

Both improving pans were originally lined with bricks, as shown in Figs. 3087, 3088, to protect 
the iron from corrosion by tho oxides formed on the surface of the metallic bath. This precaution 
is now thought to l>e unnecessary ; all that is required being to avoid overheating the furnace, and 
the consequent fusion of the dross. It is also found that a dull ml heat is the best temperature 
for calcining Pontgibaud lend; and at that point tho oxides neither melt nor exert any corrosivo 
action on tho pan, especially if a little lime be from time to time added. Tho usual charge of a 
pan without lining is about 20 tons. Tho brick lining diminishes its capacity by about one-fifth. 
A charge of 20 tons of common work lead requires sixty hours to become sufficiently soft for treat- 
ment by Fattinson’s process, the whole time necessary for the operation, including charging and 
discharging, being three days. 

Three men are employed in filling and emptying tho pan. and are paid 2 francs each per charge. 
The pigs of lead are introduced through one of the working doorB by means of a long charging bar, 
and the charging is effected with great ease and rapidity. Kxoept for charging and discharging 
scarcely any labour is required, ns the firing is attended, to by one of the men working at tho 
Castillian furnace. 

An ordinary month's work at this furnace is as follows ; — 


Work Ix*d In. 

Soft Lead out 

Percentage 
of soft Lead 

Prom 

Goals consumed. 

Lime awl 

Tuns. 

Tom. 

obtained. 

Tom 

Tons. 

KUoc 

133' 150 

13) '528 

947 

8C75 

11*560 

554 


The process of treating lend ores by metallic iron is chiefly employed for fimclting galenas 
containing a considerable amount of silicious gangue. The reduction of galenas rich in lend, of 
which the matrix is chiefly calcareous, and which generally contain but a small amount of silver, 
is often effected by first roasting on the hearth of a reraberatory furnace, and a subsequent fusion 
in tho same apparatus. 

In this cose the metal is obtained by the double decomposition which takes place between the 
undeenmposed sulphide of load nnd those portions of the ore which have, by roasting, been con- 
verts! into oxide ami sulphate of lead. In this way the decomposition of one equivalent of sulphide 
of l**ad, and two of the oxide of the same metal, give rise to the production of an equivalent of 
sulphurous acid, and the liberation of three equivalents of metallic lead, 

FhS -f 2 PbO = SO* + 3 Fb. 
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In the mmo way, the fusion together of one atom of sulphide of lend and one of Kiilphnte, results 
in the formation of two equivalents of sulphurous acid, and the liberation of two of metallic lead, 

rixs + rbo, so* = 2 so* + 2 Pb. 

The presence, however, of a very small proportion of silicious or argillaceous gangtio renders the 
application of this principle extremely difficult, since when contained in the ores to the extent of 
only from 12 to 1JS per cent., no metallic lead can be obtained in the reverberatory furnace by these 
reactions. As before stated, lead ores containing a large amount of silver caunot be advantageously 
enriched by mechanical treatment beyond a certain moderate percentage ; and it is consequently 
usual, in smelting such minerals, to fuse them either in the raw state, or, after a partial Masting, 
with an admixture of metallic iron. The iron in this case, by combining w ith the sulphur of the 
galena, liberates the lead, and sulphide of iron is produced. When ores only partially roasted are 
ofierated on in this way, the intermediate reactions are of a somewhat more complicated character ; 
but the final results, ns fur as regards the liberation of lead, are the same. 

At Claiisthal, in the Hartz, the ores usually contain about 30 ox. of silver a ton, and the furnace 
mixture consists of hand-selected ami washed ores, to which are added certain secondary products, 
aud a small proportion of granulated cast iron. 

The charges are composed as follows ; — 

Hand-picked and washed ores, containing 55 per cent, of lead, 34 parts ; old cupel bottoms, 
saturated with litharge, 4 to 0 parts; impure litharge from cupel, 1 part; slags from a previous 
fusion, or from the treatment of masted nintt, 39 parts ; granulated cast iron, 4$ parts. 

The fusion is conducted in a bia*t furnace, varying from 18 to 20 ft. in height, and having a 
width at the boshes of about 3 ft. G in.. Figs. 3089 to 3091 : Fig. 3089 Wing a vertical section at right 
angles to the tuyeres: Fig. 3090 a section through one of the nozzles; and Fig. 3091 a horizontal 
section above the breast-pan. 



Clau»thal Furnace. Vertical Section. 



The casing walls are of common masonry, but the interior 
lining a is of fire-brick ; the bottom 6 and breast-stone c are of 
sandstone, the breast-pan itself being supported by iron plates d. 

The braaque of which it is formed extends under the front wall 
of the furnace into the interior, and a communication is thus 
established by which the metal and liquid slags can flow into 
the pan e ; the tuyeres / are placed in the back wall, anti havo a 
slight inclination downward, and also towards each other. At 
top, on a level with the charging hole, the form of this furnace 
is circular ; at the level of the tuyeres it is a parallelogram, 
with truncated angles; aud at the Dottom, a square. The dis- 
tance between the Wk and front walls is, at the tuyeres, 4 ft., 
and the width, 2 ft. 6 in. The diameter of the charging holo is 2 ft. 

This furnace is fed through the back by the opening g , and the sranll aperture h enables the 
workmen to instantly perceive the appearance of any flame which may escape at the top ; it being 

5 K 



Clnuathul furnace. 
Horizontal Section through Tuyeres. 
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essential, in order to avoid an tindne waste of lead, to keep the charging hole constantly dead. 
The arrangement of the Hues and condensing chambers is seen. Figs. 3089, 3090. The side flue * 
is connected with the projecting arch or mantle, and is for the purpose of carrying off any arsenical 
or other vapours that may arise from the breast- pan e. In the back wall of the furnace are small 
iron doors A, for the convenience of cleaning out the various deposit chambers and flues. On each 
aide of tho breast, on a level with the floor of the establishment, is a float or tapping pan l, into 
which the liquid metal is from time to time run out; whilst the slags flow off in a continuous 
stream from a notch in the iron plate supporting tho brosquo which forms tho breast. 

The ores are chiefly charged along the wall in which are placed the tuyeres, whilst the fnel is 
principally spread in the vicinity of that which is opposite to them. The blast, passing through 
the tuyeres, and coming into immediate contact with the liquid slags in the body of the furnace, so 
cools them as to form a tubular elongation or nose. This is so managed by the smelter as to extend 
from 5 to 6 in. beyond tho tuyero. When the basin and hearth have become full of matt and 
metallic load, a plug of clay is removed, and their contents are run off into one of the floats /, where 
they are allowoa to remain until the matt begins to solidify, when it is removed in discs, as before 
described, and the metallic lead ladled into moulds ready for desilverization. 

Thomas’ Smelting Furnace , Figs. 3092 to 3094. Tho chief object of tho inventor of this furnace 
is to construct air or blast furnaces which will the better withstand the action of heat and scouring 
fluxes in the melting of iron, copper, or other metals, or in tho smelting of their ores. Tho main 
features of this invention, in addition to the general arrangement of the parts, are the construction 
of water-boshes, and the employment of spikes on tho water-boshes. Fig. 3092 shows a sectional 
elevation ; Fig. 8093 a similar view at right angles; and Fig. 3094 a sectional plan of one of these 
furnaces. 
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For a cupola or blast furnace John Thomas first makes a foundation A, and fixes therein a 
water-pipe B, which passed completely round tho furnace, except at the front. There is a branch C 
to this pipe, to let the water in, the branch being provided with a valve and a valve-well D. There 
is also a branch at each corner of the pipe, upon which is fixed the hollow columns E E. These 
columns are closed at the top, and an entablature is fixed on them, on which the chimney is built. 
The water is let into the foundation-pipe B from a high level, so as to rise and fill the columns 
E R, tho use of the columns being to hold water and carry Ihe chimnoy. Brackets a a are cast on 
the columns to carry the plates O, which hold tho upper brickwork of the furnace. Upon the foun- 
dation Mr. Thomas builds, as usual, up to the bottom of the furnace, as shown at F. He then 
plaoea water-boshes M M, of cast or wrought iron, all round the furnace, except at the front, whero 
there is a door It, as is usual in cuj»ola furnaces, or a dam, as in blast furnaces. These boshes are 
act back 4$ in. from the face of tho furnace inside, to allow of a thickness of lining G of fire-brick. 
He then places another tier of water-boshes N above those just described ; those upper boshes go 
all round the furnace, or on all four sides. They havo spikes 66 cast all over their inner sides, 
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similarly to iron-founders’ Inara-plntes ; these spikes moy be of any suitable length, but 1J in. is 
found to be sufficient for most purposes. The upper 1 ios lies against the spikes are lined with stiff 
mortar H H, made of refractory material, such as ganister and fire-clay, or road grit and fire-clay. 
On the brockets aa of the columns art' placed the iron plates O O, which enclose the four sides. 
These plates reach nearly to tho charging door J of the furnace. On the bottom edge of these 
plates there is a flange for carrying the brickwork I of the furnace, independently of tho boshes N, 
so that if a bosh fails it can be taken out and another introduced 
without pulling down tho brickwork. 

Thu inside of the furnace is next built up from the top of 
tho boshes with fire-brick, or other refractory material. The 
boshes M and N are filled with water drawn from the columns 
E E by a pipe connected with tho bosh and the columns ; each 
of these pipes has a tap to regulate the supply. A hole is 
cast through the side boshes for inserting the tuyeres cc; there 
are water-tuyeres also supplied from the columns E K, as shown 
in Fig. 3001. The inside of the furnace is similar in form to n 
blast furnace, larger at the upper part than at the bottom, and 
the crucible or lower part is made tapered. This form of fur- 
nace is best adapted to bold np the material under treatment, 
in order that it may be melted al>ove the blast, and fall like 
rain-drops, and gravitate through the fluxes. If desirable, the 
lower boshes arc spiked and brought forward to the face of the 
furnace, and lined against tho spike, tho same as the upper 
boshes. The principal novelty in this invention is tho spiked 
boshes which hold up the lining, which cannot be fluxed away 
on account of the water in the boshes keeping tho bock of tho 
lining comparatively cool. For air or reverf>eratory furnaces for 
smelting copper or other ores of metals, the bed of the furnace is built in the usual way up to 
within 4 in. or fi in. of the bottom. The spiked water-boshes are then set around the sides and 
bridge of the furnace, and tho spikea linen up against, as in the cupola or blast furnace. For a 
puddling furnace for puddling cast iron into wrought iron, the spiked water-boshes aro set round 
the sides and bridge of the furnace, os in the copper-smelting furnace. 

liruebtfr'i P eocene for CMoridising Silver Ore . — This process has been successfully introduced 
into the silver districts of Colorado, and a largo percentage of all tho silver produced in that 
territory during the last three years has been extracted by its use. The process has lately been 
so much improved that it offers decided advantages over the old plan of roasting and reverberatory 
furnaces. The expenses for labour and fuel are thereby very considerably reduced, and the roast- 
ing is done to a greater perfection and in a shorter time than in tho reverberatory. One man can 
at a time attend to from six to eight of tho furnaces by which the process is performed. 

Bruckner’s fumaco consists of a cylinder of boiler iron, lined in a durable way with strongly- 
braced brickwork, and made to revolve between a fire-box aud a flue; from the fire-box the flamo 
ami air pass through a pipe into the cylinder, and from there, together with tho gases produced in 
roasting, into the condensing chambers, from which the latter escapes through a smoko-stack. 

A diaphragm mado of coat-iron pipes is set at nn angle of about 15° to the axis of revolution, 
and extends diagonally through nearly the whole length of the cylinder, for the purpose of moving 
tho ore from end to end of tho cylinder, thereby exposing it to the action of beat and atmospheric 
air in a very uniform mnuncr, and performing mechanically the work of transferring tho ore from 
the cooler ports, nearest to the flue, to the Itotter, nearest to tho fire-bridge, and rice ccrso, which 
labour, by the old process, has to be performed by hand once every hour. 

As the partition does not pass through the whole length of the cylinder, the latter is provided 
at each end with several flanges. Bet at an angle of about 45°, for the purpose of conveying the ore 
within the reach of the diaphragm. 

The operation of the cylinder may be learned by ony person in a few days, and is os follows; — 
A charge of 3000 lbs. of silver ore, and 150 to 300 lbs. of salt, is introduced through a man-hole into 
the cylinder, the inside of which has previously been heated to red heat, the opening closed, some 
more fuel thrown into the fire-box, ana the cylinder made to revolve at one-half to one revolution a 
minute. The fire in the fire-box is so regulated that after one hour’s timo the sulphur contained in 
the ore commences to burn. Then the flro is so regulated that the ore is kept all tho time at a 
dark red bent, gradually increasing to red heat. Very little fuel, and in ores containing much 
sulphur no fuel at all, is required until most of tho sulphur has been oxidized ; but then some 
more fuel is Added in order to gradually increase the temperature of the ore pulp to an intense 
red heat. The pulp soon assumes a spongy, woolly consistency, in coneeqnenco of the mutual 
decomposition of the sulphates, formed in roasting, and salt, chloride of sodium, and of the chlorine 
gas being evolved ; and after one hour’s time, or as soon as a sample taken from the fumneo 
evolves pure chlorine, and no sulphurous smell can be perceived any more, the chloridizing roasting 
is completed. Then tho man-hole plate is removed, end while the cylinder is kept revolving tho 
ore is made to drop through a grate into a screw conveyor, which convoys it through nn iron trough 
kept cool from tho outside by water. By this mechanical contrivance, the formerly bo expensive, 
tedious, and unhealthy process of cooling the ore on a large cooling floor is done away with, and is 
performed to perfection, and without ony additional la!*>ur, within fifteen minutes' time, since the 
ore by this process is by machinery directly carried into the screen and tho hopper ready for further 
treatment. 

Besides tho last-named improvements, the inventor baa also made some additional improvements 
for the purpose of increasing the working capacity of tho cylinders, and to prevent nt the same time 
all losses resulting from fine particles of ore and volatile chlorides from being carried off by the 
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draught. It must bo borne in miiwl that the greater the quantity of atmospheric air which comes 
into contact with the heated on* the quicker the roosting process is performed. 

The arrangement consists in the use of a steam suction-pipe net, in the direction of the draught, 
into the flue between the cylinders and the condensing chambers ; said pipe being arranged in 
such a manner that the draught through the furnace is considerably increased, and all volatile 
matter condensed and collected at the bottom of the chambers provided for this purpose. 

This furnace can be used for roasting any kind of refractory silver ore; also for desulphurizing 
auriferous pyrites previous to chlorination or smelting ; for roasting ores of zinc, lead, copper, Ac. ; 
also for burning cement, and for the manufacture of wnla from cryolite. 

The Stetefeldt Furnace . — This invention is one of the most important steps of progress yet 
achieved in silver metallurgy: and its direct effects in stimulating the production of bullion, by 
reducing its cost, will be felt immediately. Already tlio mines of many a half-abandoned district 
aro augmented in value and importance by tho more announcement of its suooeas. 

The following description of the Stetefeldt furnace is from the notes of the inventor himself, 
and from the records of actual experience at Twin River, Reno, Ac. 

Since the discovery and exploration of the numberless mineral deposits in the Western States 
and Territories, no branch in metallurgy has received so much attention as tho process of roosting 
ores of all descriptions. One can hardly look over a file of mining journals, or newspapers from 
some mining district, without finding descriptions of new devices for roasting ores, all of which 
claim to surpass everything else in this line which was known before. Tho devices are as strange 
as they are many, and much time and money have boon wasted to test impracticable inventions. 
Indeed, tho high expense which tho roasting in the old reverberatory furnace entails was a strong 
inducement to invent some cheaper, and at the anno time more effective, method. This is especi- 
ally of importance where silver ores are found which require a chloridizing roasting preparatory to 
their amalgamation. In such cases the expense of roasting is frequently more than oue-half of tho 
total expense of reduction, and consequently low-grade ores cannot be worked with a profit. But 
in spite of the necessity to adopt somo improved and more economical process of roasting, it has 
been extremely difficult to introduce two inventions, which are based upon the moat simple and 
rational principles — so simple, indeed, tliat it seems impossible to simplify thorn any more. We 
refer to the Gerateubbfer, or Terrace, furnace, first introduced about six years ago at Freiberg, and 
the Stetefeldt furnace, invented three years ago at Austin, Nevada, but first introduced for regular 
working at the mill of the Nevada Silver Miniug Company, near Reno, Nevada. The nature of 
theso inventions can bo expressed as follows;— 

Gerstenhofer discovered that sulphurets are completely roasted or oxidized if they fall against a 
current of hot air rising in a shaft w'hich is fillod with shelves, so as to chock and retard tho fall of 
the ore particles at certain intervals. 

Stetefeldt discovered that silver ores, no matter in what combination tho silver occurs, mixed 
with salt are completely chloridized if they fall against a current of hot air rising in a shaft with 
no obstructions whatever to check or retard tho fall of tho oro particles. 

It is a matter of course that in both cases a certain degree of fineness is required for the ore to 
be treated, and that a much coarser material con be successfully roasted in tho Gerstonhbfer 
furnace than in Stetefeldt'a. 

In tho Gerstenhofer furnace only snch ores can bo successfully treated which, at a red heat 
during roasting, have no tendency to sinter or stick together. But the small particles of a charge 
of ore mixed with salt are exact! v in such a condition whilo roosting as to havo the greatest 
possible inclination to sinter and adhere to the shelves. They would thus soon obstruct the whole 
shaft, and prevent any further work. This has boon demonstrated by actual experiments on a 
working scale. It is apparent, therefore, that the application of the Gerstenhofer furnace, even 
for desulphurizing purposes, is very limited, and that certain classes of oro must bo entirely 
excluded from it. This is especially tho case with galena ores, which are tho most expensive to 
roast in reverberatory furnaces. 

In Stetefeldt’a opinion, the shelves in tho Gerstenhofer furnace are perfectly superfluous, and all 
ores, even galena, can be desulphurized by dropping them through a plain shaft heated bv fire- 
places below, if they aro reduced to a sufficient degree of fineness. The escape of unroaated dust 
from the shaft is of no consequence, as a separate fire-place is constructed for the roasting of these 
suspended particles in tho Stetefeldt furnace. Furthermore, the feediug machinery of the Stetefeldt 
furnace is based upon a principle entirely differing from that used witJi the Gerstenhofer furnace. 

That a furnace without shelves is cheaper and easier to construct, more durable, loss liable to 
get oat of order, and that it requires less labour and skill to run it, will bo readily conceded. 

Much difficulty was experienced to provide suitable footling machinery for the Stetefeldt furnace. 
Gerstenhofer’s apparatus, consisting of fluted rollers, which force tho oro through slits in tho top 
of tho furnace, would not answer at all. Tho oro fell down in lumps, and arrived at the bottom of 
the shaft almost raw. The reason for this behaviour is Bimply the tendency of the particles of all 
finely-pulverized mineral substances to adhere to each other ii a slightly-compressed mass of them 
falls through the air. It is, therefore, necessary to introduce the ore pulp so finely divided, that 
all tho particles can be penetrated by the heat within the short time of their fall through the shaft. 
To food the pulp with a blower, as in Keith’s desulphurizing furnace, was not considered desirable 
for tho following reasons ; — 

1. Tho fall of the ore would be accelerated. 

2. Tho draught of tho fire-places would bo impeded by tho downward current of tho air from tho 
blowor. 

3. The formation of dust would lie considerably increased. 

Tlie feeding machinery in its present shape can be briofly described as follows ; — 

A hollow cast-iron frame, kept cool by a small stream of water, rests on top of the furnace. In 
this frame is inserted a cast-iron grate, which is covered by a punched screen of Russia iron, No.O, 


FURNACE. 


1605 


for wot crushing of tho trade. Close to the punched screen moves, inside of the hopper, ft coarse 
wire screen. No. 3 of the trade, which is fastened to n frame. The frame has flanges resting uj>on 
adjustable friction rollers outside of the hop|>er, and receives its motion from a crank, with l$-in. 
eccentricity. To avoid the motion of a stratum of pulp with the coarse screen, a number of thin 
iron blades are so arranged across the hopper that their lower edges reach close down to the coarse 
screon and keep the pulp in place. When the crank is set in motion, tho meshes of tho coarse wire 
screen cut through the pulp, and drive it through the openings of the punched screen. In this way 
the ore is introduced in a continuous stream into the furnace. The motion of the crankshaft was 
variably tried in Reno at from thirty to seventy revolutions a minute. 

Construction of the Furnace at Reno.— The accompanying drawing, Fig. 3095, will give a correct 
idea of the construction of the furnace at Reno; — 

A, shaft through which the ore falls. B, top of shaft upon which the feeding machine is 
arranged. C, damper, which is inserted when the screens of the feeding machinery are exchanged. 

■vvo* D, door through which the roasted ore is discharged 

uj*on the cooling floor. K, fire-place. F, Hue through 
which the gas* * escape near the top of the shaft. 
(», triangidar flue-bridges of cast iron. H, grate of 
cast-iron plates, forming the bottom of flue F, allow- 
ing the dust, a small part of which settles here, to 
drop into the chamber 1. K, discharge door. L, 
fire-place which heats the lower |sirt of Hue F, and 
roasts the dust. M, canal connecting with dust- 
chnmhcr. N, discharge door. O, dust-chamber. 

The main dust-chamber of the furnace at lteno is 
21 ft. long, K ft. wide, and 10 ft. high. From there the 
puses pass under a dry kiln, 39 ft. long and 7 ft. wide. 
The two flues under the dry kiln oro 3 ft. wide and 
•1 ft. high. A flue, 3 ft. 4 in. wide and 4 ft. C in. high, 
and about 180 ft. long, l**nda from the dry kiln to an 
iron chimney of 2 ft. 0 in. diameter on a hill-side. 
The top of the chimney rises ulxmt 40 ft. above tho 
top of the furnace. 

The fire-places and arches aro built of the best 
fire-brick, the n**t of common brick. All the walls 
are built double, with 
a space between. The 
furnace is well anchored 
with iron rails and |-in. 
roils. 

The following changes 
are contemplated in the 
construction of the fur- 
nace ; — 

1. Tho use of oxido of 
carbon as fuel ; the gas to 
be ramie out of charcoal in 
generators. The construc- 
tion adopted for the latter 
will be similar to that of 
the copper -refining fur- 
nace ut Mansfeld. Prussia. 
In this way a much more 
uniform heat can be ob- 
tained than by using wood, 
and lnbour will be saved, 
as the generators have to 
- , be charged only every 

l be atstdelilt Fum three or four hours. 

Where wood most be hauled a considerable distance, charcoal will be even a cheaper fuel than wood. 

2. The chamber I will bo abandoned, and the flue F brought down directly on the side K R (see 
ground plan) of the shaft. 

3. A more extensive system of dust-chamhcrs will be connected with the fumaco. 

Manipulation. — The ore is mixed with the necessary amount of salt on the dry kiln, and crushed 

by a dry crushing battery through a No. 40 wire screen. A conveyor takes the pulp to a revolving 
screen, to keep out coarse particles, which may be caused by the breaking of a battery screen. The 
screened pulp is then taken by an elevator to tho top of the furnace and discharged into a bin, which 
keeps the hopper of the feeding machine filled. 

The fire is kept in all tho fire-places as uniform as possible, and such a degree of heat is main- 
tained that the roasted ore nt the l>ottom of the shaft is red hot, but does not sinter or stick 
together. Tho ore is discharged when a charge of 1000 lbs. to a ton has accumulated, and cooled 
in the usual manner. At the same time, roasted ore is discharged through the door N, where most 
of the dust settles, which is roasted by the fire-place L. 

Chemical Process in the StetefeUt Furnace . — At the first glance it would seem that, considering 
the short time of two seconds, in which the falliug ore is exposed to the flame, a perfect chlorin- 
ation could not take place, especially if compared with the known facts apparent in the common 
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roasting furnace — that is, that sulphurous acid is formed under influence of a dark red heat, by aid 
of the oxygen of the air, while the metal, deprived of its sulphur, becomes an oxide. The oxygen 
of the air and of the oxide act on the sulphurous acid, converting it into sulphuric acid, which again 
combines with the metal oxido to a sulphate. The sulphate reacts now on tho salt, setting the 
chlorine free, and the formation of chlorides begins. 

This reaction and transformation requires time, which is not offered in Stctefehlt’s furnace, but 
the chlorination is effected nevertheless, anil very perfectly, with less salt and in a few seconds. 
The chemical action in Ktetefeldt’s furnace is as follows : — As soon as the ore enters the furnace 
each Bulphuret particle ignites, being surrounded by a glowing atmosphere, evolving at the samo 
time sulphur, which, in presence of atmospheric air entering umlecompoaed through the grates, 
is converted into sulphurous acid, and the metnl into an oxide. In contact with ore particles and 
oxygen tho sulphurous acid becomes sulphuric acid. This acid does not combine with the metal 
oxide to a sulphate, os is tho case in a common furnace; or if so, only to an insignificant degree, 
on account of the temperature, which, nearly from the start, is too high. Tho sulphuric acid, 
therefore, turns its force directly against the glowing salt particles, setting free tho chlorine. All 
these reactions are, so to say, m statu nasccnti. From the burning fuel steam is present among the 
gnses, giving rise to the formation of hydrochloric ncid. This hydrochloric acid not only originates 
directly by decomposition of tho salt, but also from the chlorides of tho base metals, which are 
formed in the upper part of tho furnace, and again deoomjwsod to oxides and hydrochloric acid in 
passing through the hot flame. Tho whole space of the furnace is then filled with glowing gases 
of chlorine, hydrochloric acid, sulphuric acid, sulphurous ncid, oxygen, steam, and volatile base 
metal chlorides ; all of them acting on the sulptnuvts and oxides with great energy. The chlorine 
decomposes the sulphurets directly, forming chloride of metal and chloride of sulphur. It decoro- 
jioses and combines also with oxides and sulphates. The hydrochloric acid dots* the same. The 
sulphuric acid decomposes the salt and oxidizes the sulphurets, while the oxygen creates sulphurous 
and sulphuric acid and oxides. The red-hot ore falls down, and accumulating, continues evolving 
gases of chlorine, Ac. 

Considering now a 3ow. 3097 . 

minute particle of ore 
(for only as such, not as 
a mass, can the ore be 
considered in falling) in 
a red-hot state being 
attacked contemporane- 
ously by all those gases 
which bavo free access 
from all sides ; tho prin- 
ciple of the Stctcfcldt 
furnace is, that the ehlo- 
ridizing result must bo 
effected beforo the par- 
ticle reaches the floor. 

The dust which passes 
the flame of the small fire- 
place is even in a better 
condition for chlorina- 
tion, being surrounded 
and acted upon longer 
by all tho cbloridizing 
gases which are formed 

in the main shaft. 3«9*. 3099. 



Practical Ur suits of the 
Stctcfcldt Furnace in Chlo- 
rination. — A great num- 
ber of tests were made 
during tho first weeks of 
running the furnaco at 
Reno. Between 88 and 
92 1 per cent, of the silver 
contained in the ore was 
found to be chloridized, 
all of which is easily ex- 
tracted in amalgama- 
tion. The roosted dust 
discharged through tho 
door N is generally 1 
per cent, better chiori- 
dizod than the ore dis- 
charged from tho mu in 

shaft. With an im- ^ v . 1 

proved system of firing, ‘ “ r * v ~~~* — 

the cM° r ^ti°n .hould Dover be law than 90, and wo have no doubt that much higher figure, 
w i , ' Ttr >' Bkllled , ™<wtcr. achieve such results in the reverberntorv furnace. 

With ordinary care, a charg. cannot be burned in the Stctcfcldt furnace, and the masted nuln is 
in a splendid condition for barrel amalgamation, as it contains no lumps or sintered matter H Ores 
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of the moat various character* have been roasted with equal success. Even ore containing nothing 
but silver-bearing galena was treated without any difficulty. In this respect the furnace is admir- 
ably adapted to roast ores with large amounts of antimoninl and lead-bearing minerals. 

Amount of Soil . — In reverberatory furnaces 10 per cent, of salt is generally used. This amount 
nmy be safely reduced to G per cent, for very rich ores, and to 3 ami 4 per cent, for low-grade 
ores, in the Btctefeldt furnace. No experiments hnvc os yet been made to determine if this jter- 
oentnge can bo reduced still more. The difference in the percentage necessary is explained by 
the fnct that in the Stetefoldt furnace all the salt is decomposed and utilized, while in the rever- 
beratory furnace a large percentage remains in lumps and entirely unchanged. 

Fuel.— The amount of fuel necessary to heat the shaft depends very much u(x>n the character of 
the ore. The more sulphurets an ore contains the less fuel is minimi to roast it. The furnace in 
Reno uses on an average about two cords in twenty-four hours. With this amount between 12 and 
15 tons of ore are roasted daily, which is as much as the battery crushes. But the same fuel would 
just as well roast 20 tons of mainly sulphuret ores, which increase the heat in tho shaft when intro- 
duced in larger quantities. How many bushels of charcoal a furnace with gas generators would 
require wc are not able to estimate reliably at present ; but for most localities in Nevada charcoal 
will be as cheap if not cheaper than wood. 

Fig. 3098 is of a portable melting furnace; Fig. 3099 is section of 3098, which shows the interior 
arrangement and the position of the crucible. 

This furnace, lately introduced by the Plumbago Crucible Company, Battersea Works, can be 
employed in a very confined space ; no blower is necessary ; its beat may be increased to melt gold 
by merely lengthening the funnel. This furnnee is of great use to the gold-beater, as it renders 
him independent of the gobl-reflner. 

Figs. 3090 and 3097 are of a muffle furnace for assayers, dentists, and enamcllers. 

Pee Anemometer. Animal-charcoal Machine. Assaying. Bi.ast Fi hnack. Roilkh, p. 460. 
Chimney. Klectko-M eta ll u kg y, p. 1374. Founding and Casting. Kiln. Ovens. See also 
articles on the various Metals. 

FUZE. Fil, /Wc ; Gun., Z under ; Ital., Ftiso ; Span., F,$polcU. 

A fuze or fuse is a tula* filled with combustible matter, and used for discharging shells, in 
blasting, and so on. Pee Boking and Blasting. 

Fuxe-makinq Machine, ItickfonTs , Figs. 3100 to 310. r >. — The fuze invented by Bickford for igniting 
gunpowder when used in the operation of blasting of rocks and in mining, which he called tho 
miner's safety fuze, is manufactured by the aid of machinery, ami of finx. hemp, or cotton, or any 
other suitable materials spun, twisted, and countered, and otherwise treated in the manner of 
twine-spinning and cord-making. Bickford, in describing his machinery, ol>serves ; — “ I embrace 
in the centre of my fuze, in a continuous line throughout its whole length, a small portion or 
compressed cylinder, or rod of gun|>owdcr, or other proper combustible matter prewired in the usual 
pyrotechnic*! manner of firework for the discharging of ordnance, and which fuze so prepared I 
afterwards more effectually secure and defend by a covering of strong twine made of similar 
material, ami wound thereon, at nearly right angles to the former twist, by the operation which I 
call countering, hereinafter described, and I then immerse them in a bath of heated varnish, and 
odd to them afterwards a coat of whiting, bran, or other suitable jiowdery sulwdanoe, to prevent 
them from sticking together, or to the fingers of those who handle them ; and I thereby also defend 
them from wet or moisture, or other deterioration, and I cut off the same fuze iu such lengths as 
occasion may require for use; each of these lengths constituting, when so cut ofT, a fuze for blasting 
of rocks and mining, and I use them either under water or on land, in quarries of stone and mines 
for detaching portions of rocks, or stone, or mine, as occasions require, in the manner long practised 
by and well known to miners and blasters of rock. In Fig. 3100 I represent that port of the manu- 
facture of my fuze called twisting, the yam or other material being assumed to be already prepared 
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and spun loosely, and wound into balls in the way commonly used and well known to manu- 
facturers of twine and cord ; and I also therein represent the mode of charging the fuze with the 
combustible. 
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“ At the left-hand end of an apartment, which is G5 ft long, is made an enclosed recess or closet 
of about 2 ft. square and G ft. high, with a door or doors in front ; in which closet at the height of 
oltout 4 ft. 10 in., is placed a wooden shelf, marked A, about 1 in. thick at bust extending the 
whole length and breadth of such closet. In the ccntro of this shelf is made a hole, into which 
hole is inserted a collar, marked D. This collar is aid. 

of metal, in form the frustum of a oono inverted. It 
is 3 in. long, 2 in. diameter at the upper end, and 
11 in. at the bottom ; through the centre of this is 
a hole, J of an inch diameter at the top, and of 
an inch diameter at the bottom. Around this, in 
a circle, arc twelve holes, of about 4 of on inch 
diameter, which converge toward tho centre hole 
at the bottom, so as to be separated by it only by 
a lino edgo of the metal, Fig. 8101. D is a verti- 
cal section of the collar, and r the top and 8 the 
lxittom of it. This collar, when so placed in the 
hole of the shelf, projects both above and below 
the wooden shelf. In the upper projecting part of 
tho cone or collar is then to be placed a common 
funnel, 12 in. high and 10 in. in diameter at the 
top, as represented by the letter A ; around this 
funnel, at about 10 in. high from the before-men- 
tioned shelf, is placed a ring, made of cane, marked 
cc, and supported by a small frame of two or 
more pillars, resting on the before-mentioned shelf. 

At altout 2 ft. G in. high from t he floor of this room, 
and passing through the said closet, and extend- 
ing the entire length of the said room Go ft. long, 
is a stage or shelf or bench, marked F F ; tho 
outside of this stage or shelf or bench has a ledge 
or raised edge rising 1 in. above its surface, 
and on a similar raised edge on the inside, rising 
14 in., is a line-rock marked GG, with teeth 
or cogs, twenty teeth to a foot. This stage or 
shelf or bench is intended to support thereon a machine, being part of the apparatus thus used 
by me in my invention, called the monkey, marked H, which monkey consists, first, of a piano 
pn>ce of board, 20 in. long and G in. wide, supported by and running upon three wheels of 1J in. 
diameter; on this IkmuxI, supported hv and turning in two centres, is a transverse axle, marked 2, 
placed quite across the plane bed of tho monkey, supported by brackets nmrked 1, 1, and turning 
round in holes made in the brackets, on the inside end of which is fixed a wheel marked K, of 
10 in. diameter. Close to this wheel K, and directly over the line-rack, is placed on the said axlo 
a pinion marked /, which works on the cogs of tho line-rack G G, on the side of which wheel K 
at its outer edge are twenty-four tooth or cogs ; these teeth or cogs work into corresjxmding teeth 
on tho inner circle of the wheel J, the wheel J having two circles of teeth or cogs, the inner and 
smaller circle working, as already described, in those of tho wheel K, and tho outer circle of cogs 
working into the pinion L ; connected with this pinion L is the crook S, and to this crook tho 
threads of twine or other material are attached for twisting. A string or cord M is fastened to the 
board of the monkey, and stretching along the Btage or shelf or bench F F, passes over the pulley N, 
and returning through the holes O, (), (), made in the supjxirts of the stage or shelf or bench, is 
attached to the winding roller 1*; in this situation of the apparatus twelve balls of twine marked B 
or other material intended to form the fuze are placed in the recess or closet on a floor raised there 
for that purpose G in. higher than the floor of the room, and the running threads from these balls 
are each led perpendicularly up through holes of 1 in. diameter, made for that purpose in a eirelo 
of 12 in. diameter in the shelf in which the before-mentioned collar is placed, and also perpen- 
dicular to and passed from the outside to tho inside over the said cane ring next to the funnel 
hereinlxiforc mentioned, and from thence the said threads are again led down by the side of tho 
funnel to and through the holes in the tipper and under side of the aforesaid collar, which threads 
will then converge towards the lower point of the inner cone or collar, and there hang {mrallel and 
near to each other, and from tiienee they are to be led together to tho pulley Q. Thence {Missing 
under the said pulley at a right angle they go to the monkey on the stage or shelf or bench, and are 
there made fast to the crook S. The winding roller P being now put in motion communicates that 
motion to tho monkey II which travels on the stage or shelf or bench marked F F, towards N, and 
at the same time by the pinion marked Z working on the line-rack G G; the cog-wheels before 
mentioned marked J and K work the pinion marked L, and turning thereby the ortx»k 8, com- 
pletely twist Hub twelve thread! marked K so made fast thereto, and continue that twist up to the very 
point of the cone projecting downwards from the collar under the funnel ; at the very same time of 
putting tho monkey in motion the funnel is oharged with the gunpowder or other combustible 
matter for making the fuze, and then it is important to carefully watch the progress of tho threads, 
mid prevent or rectify any entangling thereof; and also regulate the exit of the powder and pre- 
vent the dispersion of any surplus that falls to waste through the point of the cone or collar under 
the funnel (luring the operation of twisting. In this operation of twisting the powder passing tho 
funnel lodges in the centre of the twelve threads, and is simultaneously embraced by all the threads, 
and the twisted part thus containing the powder is by the monkey drawn down and passes under 
the pulley Q, aua continues its coarse with the monkey twisting the fuze along the stage or shelf 
or bench to the end of the room nt N. Here the monkey stops, and this port of the fuze so charged 
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and twisted is then cut off, and over a box marked T placed on tho said stage or shelf or bench to 
receive any gunpowder or other combustible matter used therein that may full from the ends when 
so cut asunder ; the two ends thus separated arc secured by a knot or tie made on each ; the part so 
twisted and Mojwirnted is put aside for the subsequent operation of countering.” By the monkey just 
described only one fuze could be spun at the same time, whereas it is desirable that several fuzes 
should be spun at once. By Bickford's improved machine. Figs. 3102 to 3105, three or more fuzes 
may be spnn at the same time by one apparatus. The nature of this improvement, and the con- 
struction of the improved monkey for this purpose, will be seen by reference to the annexed figures. 
Fig. 3102 is a plane ; Fig. 3103, a vertical longitudinal section ; and Fig. 3104, a vertical transverse 
section of a monkey for spinning three fuzes at tho same time. The wheel a works another of 
equal size and number of cogs b, shown in dotted lines in Fig. 3102, and seen in section in Fig. 3103. 
Tnis wheel b has a vertical spill or centre e, Fig. 3103, on the upper part of which is a crown- 
wheel </, Figs. 3102, 3103, with teeth on its under edge working the pinion E, Figs. 3102, 3103, 
having on the outer part of its centre the cog-wheel /, Figs. 3103, 3104, with eighteen teeth work- 
ing into the wheels </, A, », Fig. 3104, of the same size and number of teeth; on the centres of tho 
wheels A, i. are the wires and crooks A, /, m, Fig. 3102. To these crooks are attached the several 




> 



yarns, which as the monkey travels along the bench arc spun into fuzes. Wo prefer to have fifty- 
two teeth in the crown-wheel <i, eight teeth in the pinion c, twelvo teeth in each of the wheels a 
and !>, and twenty-four teeth to a foot in the side rack. In order to use this improved monkey it is 
necessary to increase tho number of funnels for the gunpowder and collars, which may be arranged 
as shown in Figs. 3105, 3100. Fig. 3105 is a plan of these collars cost in one united piece of brass- 
work, A, /, m, being the three several collnrs, the whole being fixed to an upright frame by the 
screws D. E; the centre holes n, o, />, lining intended for the reception of the gunpowder funnels 
ic, x, y, Fig. 3100, and the several circles of holes 7 , r, j, being intended to receive the yarns, w hich 
meet below and embrace the gunpowder ns the fuze is spun. Fig. 3100 is a vertical view of this 
same part of the machine, k, 7, m, are the three collars ; t, u, r, are the yarns passing into the several 
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circles of holes around the month of the funnel : *r, x, y y are the three gunpowder funnels, and 
A, B, and C, the three fuzes issuing from the interior tube beneath. By placing the wheel f y 
Fig. 3103, in such a position that a large number of wheels may work into its teeth, and making 
such other necessary additions and arrangements as will be obvious to any competent workman, 
four, five, or more fuzes may be spun at one single operation. 

Our second improvement in manufacturing fuzes relates to the mode of introducing the gun- 
powder according to the method described in the said specification ; the gunjiowder is not supplied 
from the funnel with the rapidity, regularity, and certainty which may bo attained by our improve- 
ment. We introduce into the centre of the fuzo a small strong thread or yam, smaller and less 
fibrous than the yams employed for the fuze. The thread or yam which we employ is that known 
os No. 135 white-brown thread; this we supply from a reel or other source conveniently placed 
above the funnel containing the gunpowder; this thread or yarn is passed down through the gun- 
powder and spun into the centre of the fuze by being attached to tno monkey and drawn on with 
it as the fuze is spun. The position of these threads is shown by V, G, II, Fig. 8106. By means 
of this thread so drawn on as the fuzo is spun tho gunpowder in the lower part of the funnel is 
constantly kept in motion and travels on with tho thread, so as to flow regularly down into tho 
fuze. By this means tho continuity and regularity of the cylinder of gunpowder is ensured. 

Our third improvement relates to the coating or varnishing applied to thoso fuzes which are 
to bo used for blasting in dry ground, and in close or confined situations, or which are subject to 
considerable variations in temi>crntnre. The coating or varnishing heretofore applied, consisting 
of tar or resin, burns with a great deal of smoke and heat, and is affected by changes of tempera- 
ture. Instead of a coating or varnish of either of thoso materials, we take 4 lbs. of best glue and 
2 lbs. of yellow soap, and having dissolved them in 12 gallons of water by a gentle heat, we add 
56 lbs. of whiting to give it a body; the varnish so made is applied to the fuzes by any suitable 
arrangements. The new varnish, not being waterproof, must not lie employed for fuzes which are 
to be immersed in water, but being less affected by temperature than the old varnish, and being 
non-inflammable or burning with little smoke, is much preferable for general purposes. 

Our fourth and last improvement relates to fuzes which are to bo employed under water. In 
the manufacture of fuzes to be employed under water, or waterproof fuzes as they are called, it has 
been usual to add a second countering, after which the fuzo was coated or varnished a second time 
in the usual manner. But fuzes prepared in this manner occasionally failed, in consequence of tho 
varnish becoming more hard and brittle on immersion in water and cracking, and thus admitting 
the water to the gunpowder. Our improvement for obviating this defect is as follows ; — After the fuzo 
has been coated or varnished with tar or resin varnish, and before tho coating is hard or quite set, 
the fuze is fastened to crooks and mode to revolve as if for countering, ami a strip of brown paper 
is wound around the fuzo in a spiral form, so as completely to envelop and cover the whole surface 
of the fuze. A thread is then wound round over the paper, which fixt« the paper and prevents its 
shifting; another coat of tar or resin varnish is then applied to the paper, and by this means tho 
fuze may be completely waterproofed and protected against the action of the water. 

FUZEE. Fr., Futde; Gkk., Schnecke ; Ital., Piramide ; Sr an., Rueda cspiral. 

See Escapemknt. Watch and Clock M a kino. 

GABION. Fb m Gabion; Ger., Schanzborb; Hal., Gabbione; Span., G avion, c?*ton. 

See Fortification. 

GAD. Fr., Pointerolle y Aiguille du minrur ; Okb., Setzeisen, Stufeiscn; Ital., Zeppa ; Span., 
CmiIo de or rro. 

A fjail is a wedge of steel for driving into crevices or openings made by the pick or chisel. 

GALVANISM. Fb., tfoitwiiaw ; Ger., Galcanismuz ; Ital., Galvanismo ; Span., Galvanismo. 

See Battery. Teleorapiiy. 

GALVANIZED IRON. Fb., Fcr zingwf; Ger,, Galcanisirtes Eiscn; Ital., Ferro zincato ; 
Span., Hierro galvaniz'.ulo. 

See Zinc. 

GAS. Fr., Gat ; Ger., Gat ; Ital., G<is ; Stan., Gas. 

The common gas used for illuminating purposes is a mixture of carburetted hydrogen and 
olefiant gas, or bi-carburetted hydrogen, which gives a brilliant light when burned. 

GAS, Manufacture or. Fil, Fabrication du gaz ; Ger., Gasbereitunj ; Ital., Fabbrioatione del 
gat; Span., Fabrication de < pis. 

Fig. 3107 is a general plan of a gas-works by Geo. Bower, of St. Neots, Hunts. 1, is tho 
exhauster ; 2, the tar-pump ; 3, water-pump ; 4, boiler ; 5, fitters' shop ; 6. purifier house ; 7, lime- 
stores; 8, meter: 9, spent lime; 10, 11, and 12, stores; 13, scrubbers; 14, condenser ; 15, weigh- 
bridge; 16, water-well ; 17, governor. It iB very complete, and with the aid of the details shown 
on a larger wide in the following figures will illustrate the most modern and approved practice. 

Figs. 3107 to 3113 represent sections and part elevations of the retort setting. The retorts are 
of firc-clay y provided with cast-iron mouth-pieces, from which ascension pipes conduct the gas 
produced in the retorts to the hydraulic main shown in the general plan. Fig. 3107. The retorts 
are heated in beds of five each, by means of a small furnace, under the fire-bars of which is placed 
a cast-iron evaporating cistern or pan, into which the ashes from tho furnace are allowed to fail, aud 
which evaporate either waste or ainmoniacal liquor. The charge for each retort is about 1} cwt. of 
coal, drawn at the end of each six hours, producing at the heat of 27°. Wedgwood’s pyrometer, about 
700 cub. ft. of gas, or 3500 cub. ft. in the six hours, for each single bench of five retorts. Tho 
retorts are set in double benches end to end, and are charged from both sides of the bouse. A 
tramway is provided in front of the benches, connected with tho coal-shed ami tho general system 
of rails on the works, so tliat tho coal may be taken to, and the coke from the retorts with great 
facility. 

The hydraulic main consists of a horizontal pi)* 1 laid above tho retort benches supported on 
small pillars. Into tho main the whole of the pipes from the retorts ore made to di|». The main 
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is kept about half filled with tar, and the dip-pipes arc made to terminate about 1} in. below its 
level ; a sealed liquid joint ia thus made, which prevents the return of gas to the retorts when the 
ll<la arc removed. A considerable Quantity of tar is formed in tho hydraulic main from a partial 
condensation of the gas as it jiashcs from tho retorts on its way to the condenser shown at 14 on tho 
plan. Fig. 3106. To prevent a too great deposit of tar in the hydraulic main an overflow pipe is 
inserted at ono end, so that tho tar is maintained at ono universal level, and the surplus is con- 


3116. 



3116. 





ducted through the tar-pipe to the dip which leads to the tar -cistern. The condensers are formed 
of vertical columns with internal pipes, in which water circulates for the more effectual cooling of 
the gas. The internal pipes arc kept filled with wntcr. and circulation is kept up by ranking a 
small supply-pipe to terminate near the bottom of the column inside. The construction is clearly 
shown in rigs. 3114 to 3117. a is tho condensing column; 6, tho water column ; c, the water- 
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supply pipe ; rf, the tar-dip ; and e the dip-pipos, through which the tar is eonveyod from the con- 
densers ns it is formed. The tar-dip is prevented from overflowing by means of a tar-pipe shown on 
the general plan. The t&r-pipo is laid behind the oondensers and scrubbers, with branches from 





3123. 



3124. 



Plan. 


each of the tor-dip cisterns, and is connected with tho tar-pipo from the hydraulic main, ho that all 
the tar and ommoniacal liquor formed on the main, the condensers, and tho scrubbers, is conveyed 
as it is formed to the tar-tank. There are four condensers arranged so that by means of the centre 
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S128. 

Section on line A B. 


3124. 

Iteration. 
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valve (14 on plan) either pan may be worked without the other, or both may be worked together. 
After passing the OOOdWWt tbegM is convoyed to the w rtbb w . The scrubber 1* for the pamOM 
of more effectually cleansing the gas fmm ammonia than can lie effected in the condenser. The 
construction of the scruhlstr will Is) aeon from an ins]>cctiou of Figs. 3118 to 3121. The gns enters 
the bottom of the scrubber and nausea up through three tiers of sieves, which are filled to a con- 
siderable depth with coke or other material presenting largo acrubbing surface, which is kept 
saturated with water or ammonincnl liquor by means of a rose or water spreader, consisting of 
small radiating pities jterforated with holes. The great amount of surface exposed to gas in passing 
by the wet scrubbing material collects the fatty oils, absorbs ammonia, and cleanses the gus 
mechanically boforo entering the purifiers. Thcro are four scrubbers (shown at 13 on the general 
plan, Fig. 3100), provided with four valvca, by means of which each or either of them may be 
thrown out of action to provide for the renewal of the scrubbing material. From the scrubbers the 
gas passes on to the exhausting apparatus. The use of the exhauster is to relieve the retorts from 
internal pressure during the production of gas, by which the yield of gas is increased from fi to 
10 per cent. The pressure or gas in the retorts, were it not for the exhauster, would he equal 
to tlrnt required to lift the gas-holder and overcome all other resistances on its passage to that 
vessel ; the exhauster pumps the gas ns fast ns it is made, and thus maintains the pressure of the gas- 
holder on the delivery side of the pump. The construction of the exhauster is shown in Fig. 3122. 
It consists of a pair of direct-acting pumping engines, with horizontal putnps placed on a strong 
cost-irou bod-plate. The engines and pumps are exceedingly simple ; there is no fly-wheel or crank, 
but the piston-rod of the steam- piston is attached directly to the pump-piston, and by means of » 
peculiar valve-gear tho reciprocations of tho pistons are produced ; the two pumps can bo worked 
together or separately ns desired. At the comer of the exhauster bouse is placed a four-way valve, 
by means of which the gas may be mode to pass on to the purifiers and so throw the exhauster out 
of use if desired ; nt one end of the exhauster is placed a by-pass valve, which allows tho gas to 
pass in event of the exhauster ceasing to work from accident or other cause ; nt the other end is 
placed a governor, which allows sotuo of the gns to pass bark again should the exhauster be pump- 
ing too fast for tho production of the retorts. This arrangement renders tho whole of the apparatus 
self-acting, requiring no skilled attention. The feed-pum|» for supplying the boiler and the tar 
ami water pumps are constructed in a similar manner to that of the exhauster, and being complete 
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in themselves, an accident with 
one does not interfere with tho 
others. After passing the ex- 
hauster the pas enters the puri- 
fiers through a centre valve 
shown at 6 on the plan. Tho 
centre valve, Figs. 3123, 3124, is 
what is called a dry one, and so 
constructed that three purifiers 
may he at work and one out for 
renewing with lime, or any 
combination ran be made, such 
ns one in and three out or two 
in and two out, all the changes 
being made with one valve. 
The purifiers are clearly repre- 
sented in Figs. 3125 to 3130, ns 
is also the centre valve and 
connections. Tho purifiers arc 
for dry lime, with four tiers of 
sieves, each carried on angle- 
iron, as shown in Figs. 3125 and 
312f». The ait-ves are made of 
wood in square frames, ns shown 
on the plan. Each purifier is 
supported on brick piers, which 
are represen tod in Figs. 3125 
to 3127. The gas is made to 
enter the purifiers, and after 
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passing through the lime spread 
over the surface of the sieves, 
makes its exit through the 
corner pocket <1. After passing 
the purifiers the gas has only 
to pass through the station 
meter before being conducted 
to the gas-holder. The station 
meter is made to register the 
gas produced, and by working in 
connection with a clock, shows 
the relative quantities produced 
at each hour of the day. The 
gas-holders. Figs. 3131 to 3133, 
are each 80 ft. diameter ; a dry 
well is made bv the side of 
each, through which the inlet 
aiul outlet pipes are laid ; each 
pipe is made to dip in a lx>x at 
the bottom of the well, from 
which the water formed in the 
pipes is pumped out by means 
of a hand-pump. The well c. 
Fig. 3106, answers for the two 
holders, and the other well f is 
a reserve for the third holder 
when erected. A stop- valve is 


3135 . 




placed to each of the inlet and outlet pipes. On the outlet pipe (17 on plan) is fixed the governor. 
Figs. 31 34 to 3137, which governs the pressure at which the gas is supplied to the town. It is 
of great importance to the engineer that the pressure of gas should be preserved constant at various 
points on the works; and that he may be enabled to ascertain the pressure at any given point, 
pressure gauges aro placed in various situations : the most important gauges arc those placed 
one Indore and one after the governor. The former shows the pressure given by the gas-holder, 
and the latter the pressure at which the gas is delivered into tiro town. There is also a gauge 
placed at each of the condensers and scrubbers, one on the suction and one on the delivery side of 
the exhauster, anil one near the purifiers. In the block of the office is provided a room for photo- 
metric- observations. The general plan shows the arrangement of a works capable of supplying a 
town requiring about 10,000 lights burning for five hours out of each twenty-four; or it would 
supply ‘2000 public lamps burning twelve hours, aud 6000 private lights burning four hours per 
twenty-four; or equal to the wants of an English town of 50,000 or a Continental town of 100,000 
inhabitants. 

Works relating to Gas: — T. 8. Peek stem, 4 A Treatise on Gas Lighting/ 8vo, 1841. 8. Hughes, 
‘A Treatise ou Gas Works,’ 12mo, cloth, 1866. W. It. Bowditch, ‘The Analysis, Technical 
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Valuation, Purification, and Use of Goal-dan,’ 8vo, 1807. N. N. Schilling, ‘Trait** d'tfclnirngo par 
lo Gaz,* tnuliiit do l’Allemand l»ar K. Scrvier, 4to, Paris, 1808. B. Clegg, jun., ‘A Practical 
Treatise on the Manufacture ami Distribution of CoaI-Gm,* 4to, 1868. T. Newhigging, ‘The Gns 
Manager's Handbook.* 8vo, 1870. ‘The Jouriml of Gas Lighting,* small folio, 1849 to 1870. 
4 Annual Reports of the Trustees of the Philadelphia Gas Works,* 8vo, various years. * Itojiorts of 
the Proceedings oTthe British Association of tins Engineers,’ 8vo, various years. 

GAS-HOLDEIt. Fm, Gazomitre ; Gkb., Gasometer; Itau, Gammetro ; Span., Gasdmetro. 

Bee Gas. 

GAB-METER. Fr., Compteur au gaz; Ger., Gasmcsscr ; Ital., Misuratore del gas; Span., 

Contador de gas. 

Bee Meter. 

GASOMETER. Fn., Gazomitre; Gee., Gasometer ; Ital., Gasometro; Span., Gasdmetro. 

Bee Gas. 

GATES. Fr., Porte; Ger., Thor; Ital., Porte ; Span., Puerto*. 

Bee Docks. Locks axd Lock-gates. 

GAUGE. Fk., Tange, EchantiUon ; Ger., Urmass , Aichmass. 

A gauge is a measure ; a standard of measure ; an instrument to determine dimensions or 
rapacity ; a standard of any kind. In mechanics and manufactures ; — any instrument for ascertain- 
ing or regulating the dimensions or forms of particular things, as a hutton-nvikePs gauge, a gun- 
smith's gauge , or n template. The distance between the rails of a railway. When the railway- 
* gauge is 4 ft. 8} in., it is called narrow gauge; wide or broad gauge in England is 7 ft., in tlio 
United States 0 ft. There are also other intermediate gauges. In plastering, the greater or less 
of plaster of Paris used with common plaster to accelerate its setting : or the composition made of 
plaster of Taris and other materials used in finishing plastered ceilings for mouldings, and the 
like. The gauge of a carriage is the distance between the opposite wheels when on the track. 
Joiner’s gauge, nn instrument used to strike a line parallel to the edge of a Imard, &c. Printer's 
g'tuge, an instrument to regulate the margin of the page. llain-gauge , an instrument for measuring 
the quantity of rain nt any given place. Salt-gauge, or salinometer, 
a contrivance for indicating the degree of saltness of water from its 313s. 

«|*ecific gravity, as in the boilers of ocean steamers. Standard gauges , 
templates, anti patterns of certain jwtrts, and tools common to all 
machine work. Steam-gauge, an instrument for measuring the pres- 
sure of steam in a boiler. Tide-gauge, an instrument for determining 
the height of the tides. Vacuum-gam/e, a species of barometer for 
determining the relative elasticities of the vapour in the condenser of 
a steam-engine and the air, or for indicating the difference between 
the vacuum of a condenser and a perfect vacuum. Water-gauge, a 
contrivance for indicating the depth of water os in a steam-lmiler, 
us bv a gauge-glass or cock. The term water-gauge is also applied to 
the height of water in a boiler, as three gauges of water, that is water 
up to the third cock. Bee Anemometer. Details of Engines. 

Dynamometer. Fan. Meters. Vacuum-gauge. 

Birmingham Wire Gauge, Fig. 3138. 


Table of tiie Birmingham Wire Gauge, by Sabine and Clark. 


No. 

B. W. O. 

d — iILtm. In 
Indies. 

d*. 

Sect irrs In 
square Indies. 

No. 

a w.o. 

d = dliim. In 
Inches. 

d\ 

Sect area in 
square inches. 

1 rim. in. 

1-000 

10000 

•785* 

13} 

•089 

•0079 

•00622 

0000 

- * 5 1 

■2001 

•10188 

1* 

•083 

•0069 

•00541 

000 

•425 

•1806 

•1*186 

HI 

•077 

•0059 

00400 

00 

•380 

■H44 

11341 

15 

•072 

•0052 

•00407 

0 

■340 

•1156 

•09079 

15} 

■008 

0010 

003(3 

i 

*300 

•0900 

*07008 

10 

•065 

0042 

• 00332 

■i 

•284 

•0807 

■06335 

17 

058 

•00336 

•00204 

3 

•259 

•0071 

*05208 

18 

*049 

•0(12*0 

•00188 

4 

•238 

•050(1 

01449 

19 

012 

•00170 

•00138 

5 

•220 

0484 

•03801 

20 

035 

00123 

•00096 

5} 

•211 

•0445 

•03497 

21 

•032 

•00102 

•00080 

0 

*203 

•0412 

•03236 

22 

•028 

•00078 

•ooooi 

«i 

•191 

•0305 

•02865 

23 

•025 

•00063 

•00049 

7 

•iso 

0324 

■02545 

24 

•022 

*00048 

00038 

7* 

• 172 

■0269 

•02324 

25 

•020 

•00040 

•00031 

8 

■ 1(15 

•0272 

*02138 

20 

•018 

• 00032 

*00025 

t*j 

156 

•0243 

01911 

27 

016 

•000256 

•00020 

9 

148 

•0219 

•01720 

26 

•014 

*000196 

•00015 

!<J 

141 

•0199 

•01561 

29 

•013 

•000109 

•00013 

10 

*134 

0180 

•01410 

30 

•012 

000144 

•0001 1 

10} 

•127 

0101 

01207 

31 

010 

000100 

*000078 

11 

•120 

0114 

01131 

32 

009 

•000081 

•000003 

Hi 

114 

•0130 

•01021 

33 

•008 

•000004 

000050 

12 

•109 

0119 

•00933 

34 

•<M>7 

•000049 

•000038 

12} 

•102 

0104 

•00817 

85 

•005 

•000025 

• 0000 1 9 

13 

•095 

•0090 

•00708 

36 

•004 

•000016 

•000012 



Digitized by Google 






GEARING. 


1621 


The gauge, Fig. 3189, manufactured by Elliott Bros., Ixiudon, is ooo of the aiandard Govern- 
ment gauges employed in tho Royal Gun Factories, These guiig*** measure from 80 to 40 in. out- 
side, and 04 in. inside; they read by rentier to '001 of an inch. Some of these gauges are from 4 to 


5 ft. in length. The one shown in Figs. 3189. 3110, 
will measure from 0 to 12 in. Naylor t gauge for iron is 
the one chiefly used by tho manufacturers of England, 
and is similar to the one represented in Figs. 3139, 
3140 ; Naylor’s gauge by vernier reads to the ^ 
part of on inch. The micrometer <jau<je y Fig. 3141, is 
used to measure wire, sheet metal, and other sub- 
stances to the '001 of an inch. It is the » 0 *t eon* 
plete little instrument of tho sort yet introduced. 
In using this instrument it should be manipulated 
with great delicacy, as undue pressure would destroy 
its accuracy. A gauge of this kind, made by Elliott 
Bros., for the Royal Mint, read* to tho '0001 of an 




inch. There arc other peculiar contrivances termed gauges, such as the standard for measur- 
ing tho height of recruits ; the instrument employed to measure buckles and indents in targets ; 
standard yards and rods ; and tho stadiometer used in the army, which require no particular 
description. 

GAUGE, Steam. Fr«, Ma nometre ; Gkr., .1 lonometer; Ital., Manometro ; Span., Jftnoinctro. 

See Dittails or Engines. Gacge. Vacuim-gauge. 

GEARING. Fr., F.ngrenage< Communication de momvemeut ; Geb., Yernahnung t VeHnndungstheil, 
Geschier ; Itai.., lined e dentate ; Span., A para to dt: trasrnixion de morimiento. 

Nomenclature of t/uf Curves used for the Form of the Teeth of Wheels . — The form to be given to tho 
teeth of wheels is nu essential point in their construction, for on it depends, in a great measure, 
the regularity of the motion and the wear of the wheels. Originally the cylindrical form whs con- 
sidered the most advantageous, and was exclusively employed. Numerous experiments havo 
shown, however, that the best forma are those of certain curves, which give a result rigorously 
exact from a theoretical point of view, and very advantageous in practice. These curves, employed 
according to the nature of the transmission of the motion, are the following; — The common cycloid, 
the elongated cycloid, tho common epicycloid, the elongated epicycloid, the contracted epicycloid, 
or common hvjioeycloid, the elongnted hypocycloid, the involute of a circle, aud the elongated 
involute of a circle. 

The Common Cycloid . — This curve is genera ted by the point a in the plane of tho circle o which, 
while turning al»out its own axis, rolls upon the straight line x y. This point « and tho circle o are 
called the generators of the curve, the line xy being usually called the directrix. The curve is 
complete when, after a complete revolution of the generating circle, the point a again touches the 
directrix. Fig. 3142. 

Construction . — The generating, circle ©being given, and the line xy upon which it is to roll, 
divide, beginning at the |*iint ", the circumference of the circle into a sufficient number of equal 
parts a 1, a 2, a 3 ... to nilow of each of them being considered ns a straight line; and mark on the 
line xy the same number of parts aft, be, cd . . . equal to the divisions on the ciirumference. 
With the md i us o a describe circles to the directrix in the points ft, c, d , . . ; their iutcrsectiou 
with the | mm lie] lines drawn through the points 1, 2, 3 . . . gives points in the cycloid. It ouly 
remains to join them by u continuous curve. It will be noticed that the centres of all the circuit* 
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ferenees must be on a line parallel with the directrix, and drawn through the point o, and upon tho 
perpendiculars raised from the points 6, c d . . . 



When the generating circle is tangent in h the half of its circumference will be developed upon 
x j/, anil consequently we have obtained the half of the curve sought. The other half may be 
easily determined by taking n 5", p 4" . . . equal to n 5', p4'... As only a very small portion of 
the cycloid is ever used, it will be sufficient for purposes of gearing to determine a single element. 

The Elongated Cycloid . — This curve is generated by a point a in the cirelo A' concentric with a 
circle A, which rolls upon a straight line /y, called the directrix, Fig. 3143. The point a and the 
circle A' are called the generators of the curve. The generating circle being invariably connected 
with the circle A, and dragged along with it in the motion of rotation, the latter might be called 
the conducting circle. 



Construction. — The generating point being at starting on the perpendicular line drawn on tho 
directrix through its point of contact with the circle A, divide the circumference of this circle into 
a sufficient number of equal parts to allow of each of them being considered as a straight line. 
Mark upon tho line xy, beginning at the point a' the lengths «'6\ 6V, c'd' . . . equal to one of 
the divisions on the circumference. This done, with the radius of tho generating circle, describe 
circumferences tangent to x'y' in the points b,c,d... By producing the radii A m, A n, A o, A p 
... we get upon the circumference A' the iM>iutH of division 1, 2, 9 . . . ; through these points 
draw lines parallel with the directrix, their intersection with tho corresponding circumferences 
already descrilxd gives points in the curve. 

When the half of the circumference A is developed upon the lino xy , the generating point has 
described the half of the elongated cycloid ; the other may he found by analogous construction, or, 
since it is symmetric w ith the first with respect to the perpendicular K h, a certain number of points 
may be determined by tho method already explained for tho common cycloid. 

The Epicycloid. — This curve is generated by the point a in the circumference of a circle A, 
Fig. 3144, which revolves along the circumference of a circle B, called tho directing circle. Tho 
point a and the circle A are called the generators of the curve. 

Construction. — If we suppose tho diameter of the generating circle equal to the half of that of 
the directing circle, it is evident that, in this case only, the point a will have described the complete 
epicycloid when the circle A has arrived at that position upon the diameter a a" which is opposite 
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that from which it started, that is, when it is tangent in a". The construction given for this 
particular coso is the saute in all the others, and gives consequently an analogous curve. 

31 44. 





Divide now, beginning at the point a, tho circumferenco A into a considerable number of equal 
parts, each of them having to be considered as a straight line. In the same way, beginning at the 
point a, mark upon tho circumference B divisions equal to the precoding, these having to represent 
the development. With the radius of the generating circle describe a series of ares tangent to tho 
directing circle in the point* a, 6 , c, d . . . ; then from the centre B with the radii B 1, B 2 , B 3 . . . , 
describe circumferences. Their intersection with the corresponding arcs, tangent to the circle B t 
gives points in the curve. One of these points, m for example, is a position of the point a, for tho 
latter must belong to the circumference tangent in c. Also when the point a has arrived at c, tho 
generating point will evidently be upon the circumference passing through the point 3; it must, 
therefore, bo at m, the point of intersection of the two circumferences. 

The half of the curve will be described when the generating circle is tangent to tho circle B at 
the end of the radius perpendicular to the diameter a a". The other half of the epicycloid may bo 
obtained by placing, by means of parallels with a a", a sufficient number of tho points of the pre- 
ceding half, m a symmetrical position with respect to B a'. 

The Elongated Epicycloid . — This curve is described by a point a in tho piano of a circle A’, con- 
centric and invariably connected with a second circle A, which revolves along the circumference of 
a third circle B, called the directing circle. The point a and the circle A are the generators of the 
elongated epicycloid, Fig. 3145. 

Construction. — Having token the diameter of tho circlo A equal to the radius of the directing 
circle B, tho circumference of the former will be completely developed upon that of the latter when 
it occupies the position apposite tho extremity of the diameter .iu", and the point a will have 
described the whole curve when it is again in contact with the circumference B'. Now, to obtain 
points in the curve, divide the circumference A into a sufficient number of equal parts 0, 1. 1, 2. 2, 3 
... to allow of each of them being considered as a straight line. Mark, beginning at tho point a, 
these same divisions upon the directing circumference ; then, through tho points r, 2', 3' . . . draw 
radii which give upon the circumference B' the points 6', c\ (f ... With the radius of tho 
generating circle describe circumferences tangent in these points. 

Having produced the radii at the points of division 1 , 2, 3 ... , and obtained upon the gene- 
rating circle the corresponding points A, c, d . . . , from the centre B with the radii B 6, B c, B d . . . , 
describe circumferences the intersection of which with the arcs already drawn gives points in the 
donated epicycloid. 

The point a will have described the half of the elongated epicycloid, when tho diameter a' A' of 
tho generating circle coincides with tho radius B A' produced, perpendicular to <ia'\ The other 
half of the curve may be obtained by an analogous construction, or by placing the points obtained 
in a position symmetrical with respect to a' B r . To facilitate the construction, we murk equal (tarts 
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upon the circumference A, but it may be remarked that these parts may be unequal, provided they 
be transferred accurately to tho directing circumference. 


3115. 



Common Jfypocycloid . — This curve is described by the point a in the piano of a circle A which 
revolves about its own axis along tho concave aide of a circumference B. The circle B is called tho 
directing circle, the circle A and the point a arc the generator* of the curve, Fig. 3146. 
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at the eamc j»oint n, mark an equal number of these parts upon the circumference B. With the 
radius of the generating circle deaoribc a series of arcs tangent in the points b\ c\ and from 

the centre B, with the radii B/>, Be, B<i . . . , deserd** ares the intersection of which with tho 
former gives points in the hvpocycloid. Tho centre of the circle A dcscrilice during its revolution 
a portion of a circle A A' A'\ concentric with the circle B ; this is the common locus of the centres 
of all the arcs tangent in tho points 6', c, if . . . If we wish for greater exactness than that which 
wo obtain by considering the elements of the generating circle as straight, wo may determine the 
development of one of them, and use this length for a 6', 6V t c'tf . , , This precaution is useful 
when the radius of the generating circle is very small with respect to the radius of the directing 
circle, that is, when tho elements, however small they may be, form a decided curve. 

Elongated Ifypocycloid. — This curve is generated l»y the point a in the plane of a circle A' inva- 
riably connected with a circle A, which revolves about its own centre along tho inner side of a 
third circle B, called the directing circle, Fig. 3147. 



Construction . — Tho line of the centres A B determines by its intersection with tho circum- 
ference B' the first position of tho generating point a. Beginning ^t tho intersection o of this line 
of the ceutrcs with the circumference B, divide tho circumference A into a sufficient number of 
equal parts 0. 1, 1. 2, 2.3 ... , each of them having to be considered ns a straight line. Murk, in 
the same way, beginning at 0, upon the circumference B, an equal number of divisions 0. 1', 1*. 2', 
2'. 3' . . . representing the development of the preceding. The radii being now produced from tho 
points of division 1', 2', S' ... , give upon tho circumferenco B' tho corresponding points 6', c\ if . . .; 
with the radius of the generating circle, describe arcs tangent in these points. 

Having produced the radii A 1, A 2, A 3 ... , and obtained upon the circumference A' the points 
of division 6, c, d . . . , from the centre B with the radii B&, Be, Bcf . . . . describe a series of area 
tho intersection of which with the preceding gives points in tho elongate*! hvpocycloid. 

When the point c nrrives at tho {sisitiou o', the generating point « will Le at o', and will bavo 
described the half of the curve sought. Tho other half may bo obtained by an analogous construc- 
tion, or by transferring a sufficient number of the points of the former to a symmetrical position 
with respect to BA'. 

Another Elongated I7ypocyeloid.-l.et there be two circles A and A', invariably connected 
together and forced to turu about their common centre A". If in this revolution tho circle* A ia 
mode to follow the contour of a third circle B\ called the directing circle, the point a of the circle A 
will describe an elongated hypocycloid. Fig. 3148. 

Construction . — Beginning at the point of intersection o of the circumference A with the lino of 
the centres A" B" produced, mark upon tho circumference B' a sufficiently great number of divi- 
sions to allow eaoli of them to be considered, without an appreciable error, as a straight line. 
Mark un equal number of theso divisions upon the circumference A, and draw the radii from the 
points 1 ', 2 , 3', 4 . . . It will be seen that the centre A" of the generating circle describes In ita 
revolution a circle B concentric with B\ Producing tho radii from the jioint* of division 1, 2, 3, 4 . . 
to the circumference of this circle, we obtain the corresponding points o', 6', c', if... From each 
of these paints with tho radius of the circle A' describe arcs, and from tho point B" with the radii 
B"6, B" c, B "d . . . , describe other arcs the intersection of which with the former gives points in 
the curve sought. 

One of these points, m for example, must occupy one of the positions of the point «, for the latter, 
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tangents. Beginning at this point, mark on the circumference a sufficient number of equal parts 

0. 1, 1.2, 2. 3, 3. 4 . . . , to allow of each being considered as a straight line. Draw the tangents 
from the |wiuta of division, and, upon the first, mark one of the elements or divisions of the circum- 
ference, upon the second two of these elements, upon the third, three, &c. Join by a regular curve 
the points 1', 2*, 3', 4' , thus obtained. 

Elongated Involute of a Circle. — If at each of the points 1', 2', S', 4' ... , Fig. 3119, wo draw per- 
pendiculars to the tangents, and mark off on each of them a constant length, equal to om, for 
example, the pointa obtained, 6, c, d, f . . . belong to an elongated involute of a circle, 

Jtemark . — The common involute may be wholly traced by the compasses, for any element q\ 10' 
has its centre at the point of intersection p of the tangents </, q\ and 10, 10'. The other curves, tho 
means of drawing which we have already given, may bo obtained by means of a little piece of 
wood, the arrangement of which for each case may be easily imagined. 

Dimension* of the part i of Gearing considered both in detail and as a Whole. — Object of Gearing, its 
Advantages. — A toothed wheel is a circle or disc furnished along its contour with projecting pieces 
called teeth, designed to transmit to another toothed wheel a determinate force, the direction and 
velocity of which are known. 

Gearing is used ; — 

1. To transmit the continuous circular motion of a shaft to another shaft fixed at a short 
distance from it. When the shafts are parallel the gearing is called straight or spur-gearing. If 
the shafts make an angle with each other, the motion is transmitted from one to the other by 
means of conical or bevel-gear. 

2. To transform the continuous circular motion of a shaft into a rectilineal motion of a plane- 
toothed surface. 

3. To transform tho continuous circular motion of a shaft iuto another circular motion of an 
endless screw, and vice versa. In all cases the axis of the toothed wheel and that of the endless 
screw are placed in two perpendicular planes, and not in the same plane as in the case of conical 
gear. 

4. The ascending motion of mill-hammers and other similar contrivances is obtained by tho 
transformation of the continuous circular motion of a shaft by means of cams. Tho use and con- 
struction of these cams rest upon principles similar to those which have led to tho application and 
to the improvement of gear. 

The first attempts to transmit the motion of one shaft to another was by means of friction. This 
friction was produced upon cylinders or drums fixed upon the shafts. The rapid wear of the 
drums required them to oe frequently changed, or the shafts to be brought nearer together. These 
grave defects, and the difficulty of removing them, led to tho adoption of teeth, which have lately 
undergone great improvement. If these teeth are carefully constructed, we may obtain very 
exactly relations of speed determined beforehand, a gentle and uniform motion, and a sufficient 
d urn t ion of material. The use of gearing enables us to make a large i uml>er of transmissions in a 
small space ; its application is especially remarkable in watch and clock work, where it is carried 
to a high degree of j»erfection. 

Ji elation of Velocity to be ohta ined. — Prim it ire Circle or Fitch-Lines. — When a rotary motion is 
transmitted from one shaft to another, the object always is to obtain a certain determinate velocity. 
This velocity results from two conditions, which are mutually dependent ; 1, the primitive diameter 
of the wheels ; 2, the respective number of tho teeth of each of tncm. 

By primitive or pitch-circles wo mean those which are tangent to each other at the point a. 
Fig. 3150, where the contact of tho two teeth which act normally, one as the jx>wer. the other as 
the resistance, takes place, that is, where tho principal force is exerted. The relation between the 
radii oa,o’a of the primitive circles must always be the same as that of the velocities ; thus if it 
be required to make one of the wheels rovolvo three times while the other revolves only once, the 
latter must have a radius equal to three times the radius of the former. 

To calculate the primitive diameters we must know ; — 

1. Tho distance of the shafts measured from axis to axis ; 

2. The relation between the velocity of the wheel and the velocity which the pinion is to have. 
Tho radii of the wheels must bo in inverse proportion with the velocities. Indeed the circum- 
ferences are to each other ns the radii ; and as the numbers of teeth depend on the circumference, 
these numbers are also in the same proportion as the velocities. Again, as each tooth of the wheel 
propels forward one of the pinions, it is evident that the number of revolutions will be inversely as 
the radii. 

I <et n be the number of revolutions of the wheel and r its radius, r' the radius of the pinion and 
n' the number of revolutions it is to make a minute. 

According to what we have said above, wc have 

n ; i - ' ; r. [l] 

Let us suppose that n = 14, n' = 42, and the distance of tho centres = 1 1,1 ’30 = r’ + r. 

Proportion [1] may be put under the form 

n + n' T »' 1 1 r' + r I r, 
or 50:42:: 1- 30 : r, 


whcnco 


l® '30 x 42 
r ~ 5G 


0”-975, 


and r = 1“ 30 - O ’ 975 = 0 325. 

In some cases, the velocity to be obtained differs greatly from that which we have at our 
disposal : if we employed only two wheels, we should have to reduce the dimensions of the pinion 
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too much, and sometimes to increase beyond measure those of tho wheel. In such cases, we 
interpose between the two shafts a series of wheels and pinions, the combination of which gives the 
result desired. Hut this means should Ijc employed only in case of absolute necessity, for we must 
not forget that these modiums absorb a considerable quantity of the motive force. 


3150. 



also equal to each other, wo extrnct a root of the number of revolutions required ; the index of this 
root will represent tho nnmber of couples to be employed, and the root itself will denote tho 
constant proportion between the primitive diameter of the wheels and those of the pinions. Thus 
if the square root of G4, which indicates the employment of two couples atid^ives as the itrojmrtion 
of tho radii 8 l 1 does not ap|>enr applicable to tho case required, wo may take the numbers given 
by the cube root, that is, three couples in the pro|>ortion of 4 ! 1. 

When particular arrangements oblige us to employ diflcrcut proportions for tho couples of gear- 
ing, we resolve the number of revolutions to be obtained into several factors, choosing those which 
are the most convenient. Tims for the case we have alluded to above, three couples in the propor- 
tions of 2, 4, and 8 would givo the velocity required. 

Dimension* and Form of the Teeth . — In constructing the teeth we must have in view ; — 1, the 
thickness of tho tooth: 2, tho space between tho teeth ; 8, tho distance of the teeth ; 4, the number 
of the teeth ; 5, the depth of the face ; 0, the depth of the shoulder ; 7, the form of tho teeth ; 8, 
the total depth. 

1. Thickness of the Teeth . — The thickness of the teeth depends entirely upon the force they havo 
to bear and the nature of tho material of which they are nrndo. The force should always be taken 
for the case in which the wheels would have to transmit the maximum power of the motive engine. 
In Calculating the thickness of the teeth the results of experience must i>o referred to, and wo must 
suppose tho case of only one tooth in contact, that is, supporting alone the whole force. 

Example . — A pinion makes six revolutions while the wheel which drives it makes one: the 
distance of tho centres is 2“*30; tho work offocted is 940 kilograramctrcs, and the wheel lias 
a velocity of five revolutions a minute. Determining the radius of tho wheel in tho way we have 
describe*!, we find it to bo equal to 1»'917. 

Tho velocity at the primitive circumference or pitch-lino will therefore bo 


1*017 X 2 x 314 x 5 
GO 


l”-003. 


The force is found by dividing tho work to bo transmitted by tho velocity 
910 

— = 937 kilograramctrcs. 
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Now, to find the thickness of the tooth, wo multiply the square mot of 937 by n coefficient 
tjotermined by experience. 


For cast iron .. .. 0'105 

For bronze 0*131 

For hard wood 0*145 


Thus the teeth being of cast iron, their thickness will be 0*105 X V937 = O’" *032. 

2. Spacebetvcecn the Teeth. — If the teeth were made with mathematical precision, the space between 
two of them measured u|*»n the pitch-line might bo made equal to the thickness. When the teeth 
are filed the space is taken equal to tho thickness plus fa. This fifteenth is Intended to correct 
the defects resulting from the imperfection of the work. When the teeth are unsmoothed or of 
different materials, the space is made equal to the thickness plus fa. 

3. Distance of the Teeth. — The arc of the primitive fir pitch-circle comprising a space and a tooth, 
that is, the distance from tho outside edge of one tooth to the outside edge of the next, constitutes 
what is called the distance of the teeth. 

It is evident that this distance must bo the same upon the wheel and upon the pinions, and that 
it must Is* taken au exact number of times upon each of the two circumferences. 

4. To Calculate the Number of the Teeth. — Let m* be the number of the teeth on the wheel ; m the 
number on tho pinion ; a the distance of the teeth, and r the radius of the wheel. We will continue 
to operate with the values given in the preceding example. The number of teeth is evidently 
equal to the pitch-lino divided by tho distance of the teeth. Tlu reforo 


2 ir r 


a 


hut 

and 

therefore 


a s 0 m *032 + (0*032 -f 0*003) = 0®*0G7, 
r = 1™*917; 
m = 6^8xr«17 
0*067 


This number is exactly divisible by the ratio G of the radius of the wheel and that of the pinion, 
which is a necessary condition, since tho numbers of tho teeth must be to each other as the 
primitive or pitch-circles, and consequently as their radii. Besides this, symmetry and readiness 
in putting together require, if tho wheels are in several pieces, that the number of teeth be exactly 
divisible by the number of tho arms of the wheel. In the present cose, supposing six arms, the munl»er 
180 would fulfil the second condition also. In the contrary caw, we take the number next smaller 
than that given by calculation, which is at once divisible by the number of arms and the ratio 
between the radius of the wheel and that of the pinion. This modification can never be attended 
with any objectionable result, since the teeth are taken a little stouter than the preceding operation 
indicates. 

5, 6, ami 7. Shoulder and Face of the Teeth ; Fom\ of the Profile. — The part d f of the profile 
included between the primitive circumference and the base of the tooth, is railed the shoulder ; it 
is always formed by the radius from the point /, Fig. 3150. The part /«/ of the same profile stand- 
ing beyond the primitive circle is colled the face of the tooth. 

The depth of the shoulder depends on that of the face, and this latter is determined by con- 
siderations which w r e shall come to presently. 

In the motion of two wheels, the shoulder alone of a tooth comes into contact with the faces 
of the teeth of the other wheel. If tho gear turned always in the same direction, in other words, if 
the same wheel always drove, this one alone would require for the faces of its teeth the particular 
forms adopted in their construction. But in almost all ease* the wheels drive and are driven 
alternately ; thence arises the necessity of providing each of them with a face. 

8. Limit to the Teeth. — The limit to the depth of the teeth results from important considerations, 
which we will now proceed to consider merely from a practical point of view. 

The teeth must 1>« long enough to allow two couples at least to bo in contact at the same time, 
for if the force be exerted upon only one tooth of each wheel, the whole work of a mill or of a 
machine will bo subordinated to the rupture of this tooth. If, on tho other hand, too large a 
number of teeth bo iu contact at one time, wo shall find that their contact is one in appearance 
rather than in reality, for it is almost impossible to execute the work with such precision that all 
the teeth shall ad simultaneously. Thus care must be had to have two teeth always ready to 
come into contact when two others are on the point of quitting each other. This result is obtained 
by limiting the teeth, the length of which depends upon what is sometimes Called the driving arc. 
liy driving arc is meant that arc in which a tooth moves while it is engaged in driving the one 
against which it presses. Thus in Fig. 3130 this are would Ikj the arc m a n described upon tho 
pitch-line by the point n from the moment when one tooth begins to press upon its neighbour till 
the moment when it ceases to act. In practice, and for gearing of ordinary dimensions, this are 
may be taken equal to tho distance of the teeth, on each sale of the line of the centres. 

Thus to limit tho teeth of the wheel, take upon the pitch-line of the pinion the are am coual to 
the distance of tho teeth, and draw the radius o' m, cutting in m* the circumference described upon 
o' < i as a diameter. The circumference described from the centre o with o' m ns a radius will limit 
all the teeth of tho wheel. This circumference and that which determines the extremity of the 
teeth of the pinion meet the line of the centres in the points •jp\ beginning at the*c points, mark 
upon the line of the centres towards o' and o, the lengths qr and pt, equal to about 1 of the depth 
of the face for large gear, and £ for small gear. Then from the points o and o' with os and o’ r as 
radii, describe circumferences forming the bottom of tho spaces between the teeth, and determining 
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in profile the baso of the teeth. To avoid a ro-entoring angle, that which is formed by the bottom 
of the space and the Hide of the tooth is slightly rounded. 

This method of limiting the tooth is quite practical, and may bo modtfiod to suit the cases of the 
epicycloid and the involute. 

Remark* — It may happen that wo are obliged to employ a pinion of a very small diameter to 
transmit a great force, or a wheel of n very large diameter for work of inconsiderable importance. 
In the former case, if the driving arc were equal to the distance of the teeth on each side of the lino 
of the centres, the teeth would be very long, and would, consequently, become too thin at their 
extremities. Wo must, therefore, toko the arcs described during contact equal to J or f or even £ 
if necessary. In the case in which the wheels are large to transmit a small force, wo should obtain 
by the foregoing method, teeth much too short : we must therefore take the arc of contact equal 
14 the distance of the teeth. It is advisable, however, if the size of tlm teeth be increased, not to 
give it more than l“”5of the breadth taken upon the pitch-circle. 

If the dimensions of a pinion are such that the number of teeth would bo lew than fifteen, it is 
preferable to employ several couples. The endless screw may be substituted for the pinion when 
the wheel is to l>e driven by it, especially if the force to be transmitted is great and the velocity to 
be obtained rather low. 

It frequently happens that a wheel with wooden teeth works into a pinion wholly of metal. In 
this case the wooden teeth are evidently stouter than the iron teeth, since their thickness ft is given 
by the formula ft = 0* 143 whilst that of the teeth of the pinion is expressed by ft = 0* 105 VP, 
P representing the force to be transmitted. It follows from this that the spaces on the pinion are 
greater than those on the wheel to give jioasago to the a»ga. Nevertheless, the distance of the teeth 
must remain the same in both wheels. 

Breadth of the Teeth ; particular arrangements .• — The length of the teeth in the direction of tho 
axis is commonly equal to four, five, or six times the thickness upon the pitch-line, according as 
tho velocity is to bo small, greater than l® ‘75 a second, or tho gear constantly wet. It does not 
interfere in any way with the wear of tho gear or the regularity of the motion, to increase tho 
breadth of the teeth, or nt least to increase it in small degree above that indicated. Generally 
when this breadth exceeds certain limits, in largo wheels with wooden teeth, tho teeth aro 
separated into two equal parts in the direction of the breadth of the circumference of the wheel, and 
tun parts are so arranged that one is opposite the space between it and two others. In this way 
we have upon the same wheel two sets of gear quite distinct though perfectly similar and acting 
together. By tills means we get between tho mortises into which the teeth are fixed, a solid space in 
the middle of the rim of the wheel, which adds to its strength. When a wheel so constructed works 
into an iron pinion, the model of the latter is made so as to have its teeth placed inversely as those 
of the wheel. 

Gear intended to transmit to four pumps tho work of an engine of (10 horse-power is arranged 
in the manner described above, and each part has a breadth equal to four times its thickne** upon 
the pitch-lino; this gives eight times the thickness for the total breadth, supposing the teeth not 
crossed, but made of a single piece or placed end to end. 

The parts of tho teeth that outer the iuortbe are a little smaller than the teeth themselves 
measured at the base, so that the shoulder resulting from this difference rests upon the periphery 
of the wheel. The ends of the teeth project on the inner side by a quantity equal to the depth at 
tho crown measured in the direction of tho radius. There result from this, spaces having the form 
of equal trapeziums, into which are placed, in the manner of dove-tailing, pieces of wood that are 
afterwords fixed to the teeth by mean* of screws. 

Dimensions of the Periphery, and Number of Arms of Tootheil Wheels. — Instead of being placed upon 
the periphery of a solid disc, the gear forms part of an iron rim a' ft, Pig. 3150, connected with tho 
axle by a certain number of arms. The breadth of this rim is equal to the breadth of tho teeth 
when the whole is of metal. When the teeth are of wood the rim is made broader by a quantity 
equal to twice their thickness, in order that it may not be too much weakened by the mortises; its 
thickness should be at least equal to that of tho tooth. In goring which is exposed to violent 
vibration, these dimensions must be increased ; experience and the quality of the metal must in 
such cases determine the degree. 

Whatever be the section of tho rim, it is provided on tho inside and in the middle of its breadth 
with a moulding or rib ft c, the two dimensions of which, projection and thickness, are equal to tho 
thickness of the rim itself. By proceeding in tho al>ovc manner for wheels of a large diameter 
intended to transmit a small force, wo Bhould obtain too thin a crown, and liable to twist out of 
shape while cooling after casting. To avoid this defect it must bo made a little stouter, and if 
necessary the number of the arms increased. 

The number of arms to be given to wheels depends on their diameter. Those of 1®*50 and less 
have four arms those of from l"” 50 to 2® ’50 have six. and those from 2® 4 50 to 5 metres have 
eight. If it is necessary to employ wheels of from 5 to 7 metres, a case that seldom occurs, we may 
increaso the number of arms to ten. 

It is customary to give to the arms of wheels a section exactly equal to that of the rirn, and they 
are strengthened on each side by a rib of the same thickness as that of the crown, and running into 
the latter. If any space remains between the bases of the arms, the rib runs round the centre or 
nave. * 

Methods of Tracing the various Forms of dear. — Epicycloidal dear. — We have shown tho different 
principles upon which the construction of gear and the calculation of its dimensions rest ; wo will 
now point out the rules generally followed in tracing it. 

It is known that when a circle is made to roll upon another circle, any point in its circumference 
describes an epicycloid. The motion which produces the curve is subject to the same laws as that 
of two tangent circumferences revolving about their centres when the latter are fixed. It follows 
from this thut if wo give the cpicycloidul form to the profile of tho teeth, the wheels will be driven 
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by each other In the same manner as they would be by simplo contact. This form is sometimes 
adopted. Suppose now we have to construct a spur epicycloidal gear with the following data ; — 


Distance of the centres 0 m *267 

Itatio of the velocities .. | 

Distance of tlio tooth 0™*035 


Take A B, Fig. 3150, equal to 0 s * 207, and divide this line into two parts « A and a B, so thnt 
they nuiy be to each other as 3 is to 5. The circumferences described with <i A and a B as radii are 
the pitch-lines of the gearing. The leugth or development of the circumference of the wheel is 

expressed by 2 wo B, or 6 ‘28 x 0*167 = l m *049; and the number of teeth is given by — 30. 

Tko pitch-line of the pinion being 2 wa’A, or 6*28 X 0*100 = 0®*628. 

The number of teeth is ■ ■■--■ = 18. 

0*035 

The division of 1 *049 and 0*028 by the distance of the teeth cannot be exactly performed, but 
the approximation is such that the error of calculation when spread over all the divisions may l>o 
neglected. Also by taking the radius <*B equal to 0* 167 instead of 0*66875, and the radius a A 
equal to 0*100 instead of 0* 100035, we make the error J millimetre at the most. 

Mark now, beginning at the point of contact a upon the circumference <i B, the lengths a 6 , 6 c, 
cd ... , oqual in development to 0® * 035 ; mark off also these divisions upon the circumference a A, 
beginning at the same point a, then, upon the radii aB and a A as diameters, describe circum- 
ferences, anil determine a fraction a oof the epicycloid generated by the point a, supposing tho 
circumference «* D to roll upon the primitive circumference or pitch-line of the pinion. The face of 
the tooth of tho pinion will be taken upon a o, and the Bhonlder upon the radius a A. If wo now 
draw the radii through the points of division, and to each of these points bring the curve <i o with 
its concave side turned towards the axis of the tooth, we shall get all the profiles. The faces of the 
teeth of the wheel are determined by constructing the portion a a' of the epicycloid described by 
the point a while the circumference « C is rolling upon the pitch-lino of tho whctd,and by bringing 
this curve to the end of the nulii of the points 5, c, a . . . 

The depth of the teeth depends, ns we have seen, upon the duration of contact or driving arc. 
If it be required to have always three teeth engaged, this arc must lie made equal to the distance 
of the teeth of each side of the line of the centres. Thus <t K being the distance of the teeth, the 
epicycloid which begins at K must be produced until it meets the circumference Du in m. From 
the point A as a centre, with A m as a radius, describe a scries of arcs such as my, which will limit 
all the teeth of the pinion. This operation is performed in the same manner for the wheel. Tho 
circumferences which limit the teeth of both wheels moot the line of tho centre# in the points p 
and q; mark off, beginning at these points and in the direction of the centres, the lengths pq and 
p‘ q’ equal to \ or 4 of the projection of the tooth upon the pitch-line. Tho circumferences described 
from the points B and A with B <7 and A q as radii, will determine the bottom of the spaces 
between the tenth on the wheel and on the pinion. It only remains then to round slightly the 
angles formed by the periphery of the wheel and the sides of the teeth. 

Remark . — Epicycloidal gear has the grave defect of l»emg able to drive only one wheel, or If it 
drive several, they must be all of the same diameter. The faces of the teeth of the pinion are in 
fact obtained by the rolling upon its primitive circumference of a circle having ns its diameter tho 
radius of the primitive circle of tho wheel. Thus tho curve generated for different pinions will 
vary with their diameter. Again, the faces of the teeth of the wheel are determined by the rolling 
upon its primitive circumference of different circles having as diameters the radii of the pinions. 
Tne curves generated all comply separately with the requirements of the question, but none can bo 
employed to drive the system. Consequently, it is better in this case to renounce the form of the 
epicycloid, and to employ the involute, which does not possess tho same defect, as we shall have 
occasion to show presently. The epicycloidal form may be made use of, however, in the case of 
which we have been speaking, by talcing a generating circle having as a diameter the radius of tho 
smallest pinion, and by causing it to roll successively upon tho primitive circumference of the wheel, 
and U|>on that of each of the pinions which it is to drive. 

Cylindrical Omr . — This kind of gear which the French call from its form, lantern year, is vicious 
from several points of view, and its uso has been almost w*holly abandomd. Wo will, however, 
point out the principle of its construction, as cases now and then occur in which it is necessary to 
employ it. 

In this kind of gearing the pinion is provided, in the place of teeth, with cylindrical spindles, such 
as C, Fig. 3151, all of which have their centres upon the primitive circumference B. The driving 
wheel is provided with ti?eth or cogs, the profile of which we are about to determine. 

Let A be the primitive circumference of the wheel and It one of the positions of the lantern 
gear. Suppose the wheel A fixed, and make tho circle B roll round it until it comes into tho 
position It'. During this motion the centre of the spindle will evidently describe an epicycloid d, 
and its new position cl will belong to this curve, and to the circumference B*. The tracing of gear 
rests theoretically upon this principle, namely, that the normal common to the point of contact of 
two conjugate teeth, iwisscs through the i»int of contact of tho primitive circles. If, therefore, 
from the point a" wo draw a normal a" o' to the circumference C', we shall obtain the corresponding 
point b of the tooth of the wheel, that is, the ftoint in which the contact of tho cog and the spindle 
will take place. If now we bring Iwick the circle B' to its former position B, the point b will describe 
during the motion a curve if equidistant from </, which curve gives the true form to be adopted for 
the profile of the cogs of the wheel A. 

It is now easy to show that this kind of gear is defective. Let C" be a position of the spindle, 
and d” the corresponding position of the tooth in contact. If the motion is in the direction of the 
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arrows, it is clear that the curve (T will not drivo the spindle, but that it must be driven by it. 
Thus, before the line of the centres, the cog cannot drive the spindle. If the motion of the wheels is in 
the contrary direction, it will be seen in like manner that beyond the. line of the centres, the spindle 
cannot drive the cog. This kind of pear is, therefore, very incomplete, and it must remain so, for if 
both branches of the curve were employed, the motion could not |*ass the lino of the ocutres. 



Generally the teeth arc* short enough to allow of their curve being considered, without an 
appreciable error, as an arc of a circle. This radius of this arc must not bo taken arbitrarily ; and 
besides this, the centre of curvature must be prejierly placed. The common radius of the arcs for 
the teeth of the same wheel, and the geometrical locus of all their centres, are determined by the 
following construction, which gives a most satisfactory result. 

The pitch-lines A and li, Fig. 3151, being given, draw through their point of contact a straight 
lino xy, making with the line of the centres /> q nn angle of 15P ; draw also from the centres /* and 
q to xy the perpendiculars pm, qn. The magnitudes om and a n are the radii, and the points m 
and n the centres of the arcs which may bo substituted for the epicycloid in the profile of tho teeth. 
It is very evident that the circumferences described with p m and q n as radii w ill contain all the 
centres, and if care be taken to mark them beforehand when the wheels aro on the axle, the 
operation of tracing the teeth will be uuickly performed. 

Involute Gear .— Let By and A y, Fig. 3152, be tho radii of the pitch-lines of the wheel and 
pinion, determined according to the data, and in tho manner we have already described. Let us 
take as the profde of the teeth of the pinion, the involute cb' of a circumference, A p interior to 
A a, and determine the conjugate curvo. If we draw through the point g a normal xy to 6V tho 
point of interaction a is the point in the conjugate tooth where its contact with that of the pinion 
is to take place. Again, ns it is an established geometrical fact that every normal to the involute 
is tangent to the evolute, it follows that the line x y is tangent to the circumference A p at the end 
of the radius An. Having drawn the }K*r|s'ndicular B»», and taking this line as a radius, wo 
describe a circumference, the involute ca 6 of which is the curve conjugate with c' a b\ It may be 
easily demonstrated that the evolute of cab must be the circumference B m. 

The triangles any, Bmy being similar, their homologous sides are proportional; but ns A g, 
By, and An are constant. On remains constant, and must In* the radius of a circle. Tho two 
radii A n and A m are to each other ns those of the pitch-lines Ay and By. The locus of the points 
of contact of the teeth iH the line xy ; but in practice, contact can take place only on the portion 
mm of this line. Theoretically, the angle a yx may be arbitrary, but it is usually made equal to 
7JP. Some millwrights take from the point g upon the pitch-line A g, au aro g h K equal to twice the 
distance of the teeth ; the line Ky produced is then tho common tangent of both circumferences. 
We have now only to divide the pitch-lines in the manner described when tronting of epicydoidal 
gear, and to shape the tooth by tho involutes passing through the points of division. 
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In this kind of gtttf the driving forre is exerted throughout the whole length of the line m n, 
nod, consequently, before and beyond the lino of the centres. It rosy bo remarked that a wheel of this 

kind plays no part in th« construc- 
tion of the conjugate wheel ; it fol- 
lows, therefore, that it possesses the 
valuable property of being able to 
drive at once several wheels of the 
some kind, of different diameters. 

This system works well after the 
shafts have been forced a little be- 
yond their original position, and is, 
therefore, suited to rolling mills arid 
similar machines. 

huutr Qtaring .- — When the mo- 
tion of two parallel shafts is to take 
piece in the same direction, we 
cannot employ two wheels both 
toothed on the outer circumference ; 
one of them, necessarily the larger, 
is toothed on the inner side. In 
this system the* profile of the teeth 
differs from that which we employ 
in the other cases, and that on ac- 
count of the following considera- 
tions. 

In epicycloidnl gear the shoulder 
of the tooth is generated by tho 
rolling, on tho inner aide of the 
primitive circumference, of a circle 
haring only half its diameter. Tho 
force is generated by a point of a 
circle rolling externally upon the 
same circumference. Tho forms of 
the ihnulder and face may be made 
to run into each other, and it is easy to cut the material to the profllo given by tho drawing. If 
we adopt the same method, for the inner gear. imi>o*sibilitios arise in practice which oblige us to 
abandon the system of reciprocal shoulders. The only admissible solution of tho difficulty consists 
in giving shoulders to the teeth of tho pinion and curves to the wheel. 

8uppoee now wo have to coustmet an inner gearing with tho following data; — 



Distance of the centres 0“"‘10Q 

Distanrc of the teeth 0*'03. r » 

Ratio of the velocities I 

If r and n represent the radius and the number of revolutions of the wheel, P and n’ tho radius 
and ntiml>er of revolutions of the pinion, we have the projiortion r:r';:n';n. 

According to the data, i»' = 2 n ; therefore r o 2 r. 

But tbe distance of tho centres rf = r-r , = 2r’-i / = r'; therefore the radius of the pinion 
iB equal to d or 0*100 ; and that of tho wheel r= 2r‘ = 0*'100 x 2 = 0 m ‘200. 

Having acquired these data, continue the operation in tho following way ; — 

Describe the pitch-lines A« and D<t tangent in a. From this point aaivido tho pitch-line of 
the wheel into parts ah, bc y cd ... , equal to tho distance of the teeth or to O'"' 3ft, Mark in the 
same way, beginning at the point a, these some divisions upon tho circumference of tho pinion in 
(i V, &V, c'd' . . . , then, having determined the thickness of the teeth with respect to the space 
between them, transfer it from the points and o, b\ O' , to a 1, 6 2, c 3 , and 

a l', b‘ 2', c'3' . . . Through those points of division in the pitch-line Bo, draw radii such as B 1, 
which determine the profile of the teeth of the pinion, since they consist wholly of shoulder. 

Tho teeth of the wheel may he obtained in the following manner ; — 

Upon the radius B a a* a diameter describe a circle a (J, and, in order not to crowd the diagram, 
take a second position of this circle; determine a j>ortion a'mnf the contracted epicycloid 
described by the point </, whilst the circle C a* is rolling upon the inner sale of the pitch-line of 
the wheel. Transfer this curve to all the points of division a, b, c, d . . . , 1, 2, 3 ... , placing the 
concave side towards tho middle of the tooth. Haring completed this operation, it only remains 
to limit the teeth. Those of the wheel are taken long enough to have ut least throe couple* always 
in contact, and they are limited by the circumference described upon A p as a radius. 

The teeth of the pinion do not "terminate at the primitive circumference; they would terminate 
at the intersection of this circumference with the radii in sharp angles, which would have an 
injurious effect npon the teeth of the wheel. The profile of the shoulder is continued by area of 
circles, such as o n, which run into other nrca described with B n as a radius. Wo have now only 
the bottom of the spaces between the tooth, or in other words, that portion of the periphery of the 
wheel that is comprised between two teeth, to determine. The play pg and //(/depends on the 
dimensions of the gear and on the care bestowed on its execution : the amount of piny being decidtd 
upon, describe with the radii A <7' and By a series of arcs such as g’f and a /. It is well to make 
the tooth join the periphery by a curve rather than to enter it at right angles. 

Rack awl Pinion. — If we * oppose a toothed wheel to increase in diameter indefinitely, the disc 
which bears tlm teeth will become a straight surface, and its circular motion will evidently be 
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converted into a rectilinear motion, since in the uroportion r J r # : : : n, r being equal to infinity, 

n will be eqnnl to zero. The straight surface which receives a rectilinear motion is called a rack. 


Let A n, Fig. 3154, be the pitch-circle of the pinion, and x y the pitch-line of the rack, tangent 
in the |h .j nt a. Divide, from the point <>, the circumference A a into ports at, bc,ed .... equal 
to the pitch or disti nee of the teeth, and mark these same divisions upon xy. From the points 
a. ft, c ... , and o', b\ c ... , mark the thickness of the teeth at « 1, b 2, c3 . . . , ami a 1', b 2', c 3' . 
The radii from the points a, b, c . . . , 1, 2, 3 . . . , determine the shoulders, or as they are often 
called, the flunks, of the teeth of the pinion, and those of the rack may be obtained by drawing 
]>erpeudicular8 to xy through its points of division. 


If now we suppose the line x y to move about the pitch-circle of the pinion, its first point of 
contact will describe an involute of this circle, which should be taken as the profile of tho teeth. 
Having determined a portion om ' of the curve, we have only to bring it to each of the points of 
division in the circumference A a. 
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To shape tho teeth of the rack wo take a portion u'm of tho cycloid generated by tho point a of 
h circle Bo, described upon the pinion as a diameter, and rolling upon xy. To limit the teeth of 
the rack we usually take a length aft' equal to the pitch, descril*e the cycloid at the fw>int ft’, and 
produce it till it meets in K tho generating circle Bn. The line parallel to xy drawn through tho 
]«oint K give* the extremities of tho teeth. The teeth of tho pinion are limited by the circumference 
of a circle described with the radius ft K\ and determined by tho position of tho point K upon x y. 
Tho length ah is usually taken equal to the distance of the teeth, out it may Ini alter'd if it is wen 
that there are too many teeth in contact or that the force is exerted upon too small a number of 
teetli. 

To complete tho drawing we tnko upon the line An, l>eyond the extremities of the teeth, tho 
short distance#! vq ami p' q i' hi represent the play to be allowed at the bottom of the spaces. Tho 
circumference described with A</ns a radius, and the parallel to xy drawn through the point 7 , 
determine tho roots of the teeth. 

JterclM Qcor .— When it is required to transmit the circular motion of a shaft A U, Fig. 3155, 
to another A C, making with it any angle It A C, conical or bevelled gear is employed. This kind 
of gear j assesses tho some properties as the spur-gear. Suppose, for example, the two axes A B 

and A C given, ns well as the ratio W of the number of revolutions, at the points « and e taken 

arbitrarily upon each of the axes, raise the perpendiculars aft, rd; take upon a ft a length ag. ami 
upon rd a length cf, proportional to m and n. Through the points 7 and f draw g h and / K 
parallel to the axes ; the point of intersection 0 determines, with the summit A, the generatrix of 
contact AD. Tho perpendicular* ok and o/, drawn from the point o to the axes, represent tho 
radii of the bases of the cones or teeth. 

Denoting the velocity of the motion by V, the angular velocities of tho pinions by V', and V„ 
and the radii by R and R\ wo have V = V, It, and V = V', It'. But as the velocity V is depen- 
dent upon each of tho pinions, wo get the equation V, R = V', It', from which we deduce tho 
proportion V, : V', :: R' : R. Thus in hovelled as in spur-gear, the angular velocities arc inversely 
proportionate to the radii. 

3165. 3156. 



But, tho two axes and the ratio of tho velocities being given, wo may determine tho generatrix 
of contact in the following manner Upon the axis A B, Fig. 3156, take A <1 equal to m, and ujon 
the axis A 0, aft = n ; through tho points a and ft draw ag, ft/, parallel to the axes ; the point o in 
which they meet belongs to the generatrix of contact. If we let fall upon the axes through tho 
jioint », the perpendiculars o c, od, wc get two similar triangles, which give the proportion 
od 1 oc ” 00 : oft; butou = n and oft = m; substituting these values, we havoorf l oc n l tn. 
Therefore the radii od, oc, or tho diameters of, og\ fulfil perfectly the condition required. 

Let us now execute a drawing of two bevelled wheels by means of the following data; — Tho 
angle B A C, Fig. 3157, is equal to 82°. Tho ratio of the velocities is $, aud let E bo the force to 
be transmitted. 

By operating in the way described above, we easily obtain the generatrix of contact A D. 
I pon this line we determine a point a, such that the perpendiculars a *, a t, let fall upon the axes, 
may be to each other as 2 is to 3. By taking s ft' = as and t ft = a t, we have the primitive diameters 
of the bases of the cones. Through the point a draw 00 ' perpendicular to A D; in this way wo 
get two rones on ft and o' a ft' which will limit the base of the gear. Having calculated the thick- 
ness of the teeth, and consequently tho pitch, according to the forco F in the manner described 
for spur-gear, take a length a a' varying between three and four times the thickness of a tooth, 
according to the nature of the metal employed and tho conditions in which the pinions work. 
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Pmw through tho point a\ m n perpendicnlar to A D, and a'c, aV parallel to aft ami a' ft', so that 
a* k = Ac, ami a' A = A c' ; draw m c ami n c'. Wo get in this way two cones to a c and nac', which 


limit tho nppor portions of tho pinions. Tho two lines which join A to tho points ft and ft' evidently 
pass through the points c and c', and are the primitive generatrices or the several positions of the 
generatrix of contact. 
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Now, from tho points o and o', with oa and o' a ns rndii, doacribo two arcs ax and ax', which 
may be considered as the pitch-circles of two spur-wheels, ami upon which the gear is constructed, 
with the pitch previously determined. The toeth thus obtained represent the bases of the teeth of 
the pinious. If wc consider the teeth obtained for the wheel A C, the circumferences which limit 
them at their extremities and at their roots, meet the line oo iu tho point* p and q ; through theao 
points draw line* parallel to a 6' till they meet u'6' in i> ami </'. 

Now, with m a and na’iu radii transferred to m‘ a" and n a", dcscril>e two arcs which will servo 
ns a basis to a drawing analogous to tho one given above. The teeth obtained form the upper 
extremities of those of the pinion, Py bringing, through lines parallel to the generatrix of contact, 
the extremities uud root* of the teeth upon m n. we get the |ioints /and </, through which we draw 
lines parallel to o' r and a' o'. We might determine these parallels equally well by giving the point* 
p\ q\ to the summit A, which would give the (mints /*, </. Tho outline of the pinion is thus 
complete. What we have said is sufficient for practice, the rest belongs to descriptive geometry ; 
wc will, however, point out in summary manner what remains to be done to complete the plan. 

Take a piano I* Q perpendicular to the axis A C ; mark upon this plane tho different radii 
which have one of their extremities upon the axis ami the other in the points p, a, q , and /, a\ y ; 
from the point r, with these radii, describe circles which will represent the plane of the pinion, 
projected at first upon tho plane PQ. Upon the circumferences ca, and va\ considered as pitch- 
circles, trace the teeth in the manner shown for spur-gear, that is, recommence the operations indi- 
cated by the dotted lines ; then join the extremities of the teeth and project each of them upon tho 
vertical plane. All the operations indicated for the wheel A C must be repeated for the other. 

After having determined tho generatrix of coutact and tho primitive radii of the wheels, it 
almost always happens that the pitch, determined in accordance with the force F, does not exactly 
divide the circumferences descrilmd with these radii. In this case tho number of the teeth must 
be lessened, and consequently the pitch increased, until the division can be exactly made. No 
inconvenience can r<Mult from modifying in this direction the dimensions of the teeth. 

We have selected as our example the cose of two shafts forming an acute angle : the method 
of dmwiug is the same iu all cases ; but the most general case is that of two shafts placed at right 
angles to each other. 

Endieu Screw and Pinion. — When it is required to communicate the continuous circular motion 
of a shaft to another not situate in the same plane, the endless screw aud pinion may be employed, 
if the given axes are at right angles and near each other. 



It is generally required to obtain one revolution of the pinion to a determinate number of 
revolutions of the screw. Iu this case, the number of teeth on the pinion is equal to the number 
of revolutions of tho screw. Put the distance of the teeth is calculated for the force to be trails- 
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mitted and remains invariable ; therefore it is necessary to make the radius of the pinion depend 
upon the number of teeth ; this cannot be, however, unless the distance of the axes lie unlimited. 
It must be remarked that in almost all cases, tho screw drives tho pinion, the object being an 
increase of force at the cost of spots 1. 

Knowing the maximum work to be transmitted, wo may determine tho pitch of the pinion, 
which is also that of the endless screw. The radius of the solid portion of the screw may l>e taken 
as a function of tho pitch, since it is also dependent on the force. It is usually obtained by 
multiplying the pitch by 5, and dividing the result by 2. To execute the trace wo must tako 
Ad, Fig. 3158, equal to U»o primitive radius of tho pinion; draw through the point o, a jierjien- 
dicular xy, which will bo the pitch-line of tho screw. From the point a, tako upon the radius of 
the pinion produced, a length <i</ Mjusl to jJJ the radius of the solid or central portion of the screw, 
so that ap may be equal to A of this radius. By taking qa' = qa, and drawing x' if parallel to tho 
axis hi n and to xy, we obtain the other pitch-line of the screw. 

Now mark upon tho pitch-circle of the pinion tho lengths oft, be . . . , equal to the pitch; mark 
these same divisions upon x y in oft', ftV . . . , and construct the teeth of a rack, by taking as their 
faces the cycloid generated by a circle of a diameter A «. rolling upon xy. Trace upon x'y‘ teeth 
symmetrical to the preceding with respect to mn. The heliooidnl portions which unite the profiles 
r s and r t, for example, to rV and p v, determine the thread and its inclination with respect to 
the axis of the screw. 

The teeth of the pinion must have upon the disc which carries them the samo inclination as 
the thread of tho screw ; the profile of them will therefore need to bo tmeed upon each face of the 
wheel. Thus o k represents the profile of a tooth upon one face, and o' k' the samo profile upon tho 
other; oo' is therefore the inclination upon the breadth of the wheel. As to the form of this profilo 
it luis not beOD exactly determined, but if tho teeth are large, they must lie cut to receive as nearly 
as possible the impress of the thread of the screw. Besides this, the extremities of the teeth and 
the bottom of the sjwicos, instead of being straight, that is form of generatrices situate in planes 
pnrnllel to the axis, will present circular gorges, the radii of which are a little greater than pq 
and a q. 

It often happens that the endless screw has several threads; tho distances which separate them 
are, in this case, equal fractions of their common pitch. The length of the screw may be limited 
to the three or four threads which act simultaneously. If we trace upon a cylinder of a consider- 
able diameter, a series of threads of a very wide pitch, and then reduce each of them to a small 
portion of a spiral by means of two planes perpendicular to the axis and near together, we obtain 
w hat is called a heliooidnl gear. 

Construction of Cams for Stamps and Hammers . — The conversion of tho continuous rotatory motion 
of a abaft into n reciprocating rotatory or rectilineal motion is frequently made in mills, and 
especially in iron-works, to obtain the ascensional motion of the stam^w and hammers. 

Suppose a rod A, Fig. 3159, furnished with a stump, to be guided in such a way that it can move 
only iu a vertical direction ; such a rod may be raised by teeth or cams turning about an axis o 
ami acting against a projecting jwirt 0. The Stamp falls’ by its own weight, to be raised again by 
another cam. 

When a system of this kind is established it is necessary to consider — 1. Tho number m of earns 
to be employed. 2. The angular velocity of the shaft, or the number « of revolutions it is to make 
a minute. 3. The height to which the stamp is to be raised. 4. The radius of the pitch-circle to 
4>e developed to obtain the profile of the cams. 

The course or stroke of the stamp is generally determined beforehand, nnd upon it alone depends 
the velocity of impact. The number of cams and the uuiuImt of revolutions are mutually depen- 
dent, and their product m n must be equal to the number of strokes a minute. We must in all cases 
take one of the factors and deduce the value of the other. 

If wo denote by T the time of one revolution, the time which elapses between the beginning of 

T 

two consecutive strokes will be expressed by — • 

m 

T CO" 

The number of strokes a minute being equal to mn, we have — = — • 

tn tn n 

T 

As there are always some passive resistances opposed to the descent of the stamp, - must be 

increased in value by ^ or j tn prevent tho stamp from falling upon the cam which is to raise it. 
This result may be arrived at by increasing the radius of the pitch-circle upon which we operate 
for the construction of cams. 


Thus the time of one ascent is given by ^ . The formula of the time occupied in the descent 

7 m 

is /* = - r , or /*=--, from which we deduce t = • 

•1 g ’ 9-81 

The time V during which the cam will act upon the stamp is therefore expressed by 


. = 6T_ 

7 TO 981 ’ 


The radius of the circumference to be developed will now bo calculated by the formula 

GOA 

r “ X 6*28 n 
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This radios may never be less than the value given by the formula, but no inconvenience can 
result from making it greater; this, indeed, is nearly always done. 



Trace of Cams . — Having described a circle with a radius r, draw the vertical tangent xy upon 
which the point of application of the force transmitted will constantly be. Take g c ~ A, and draw 
the highest position of the projecting niece c. Determine a portion g k of the involute of the circlo 
otj , ami from the point v, with the radius or, describe a circle, which will limit at the point t the 
length of the cam. The other face of the cam is generally a nearly straight line; it is traced so 
that the form obtained may bo nearly that of a solid of equal resistance, the greatest thick ueas 
mn of which is calculated according to the maximum force to be developed, and the strength of 
the materials. 

Theoretically, the cam should possess no thickness at its extremity, but in practice it has a 
thickness, which, instead of being marked by the circumference passing by the point c, is marked 
by a portion cp of tho lino xy. This allows the instantaneous escape of the stud c. 

Epicycloidal Cams for converting a Continuous into a Hcciftroratiny Jtotatory Motion . — The construc- 
tion of cams for raising mill-hammers differs from the preceding in using the epicycloid. 

I^et on, Fig. 31G0, lie the whole leugth of the hammer; from the point 0 , about which tho 
hammer revolves, describe a circle with the radius on. Take as the radius of the pitch-circle of 
the cams a sufficient length to prevent the hammer from falling upon the cam which is to raise it. 
What wo have said above in reference to tins subject is equally applicable here. 

To find the form to be given to the profile of tho cams, describe a circle with the diameter oa t 
and determine a portion a m of the epicycloid generated by the point a while this circlo is rolling 
upon the circle o' a. 

To find the limit of the cams, take from the point a, upon the circle with a radius on, tho arc 
a n. representing the space traversed by the end of the hammer in its ascent, and describe the 
circle with a radius o'n. The two profiles of the cam, as in the preceding case, need not be sym- 
metrical, but generally they arc made similar. The thickness pa is determined in the manner 
described above for stamps. It may Ik? remarked, however, that the resistance to be overcome by 
the cams is not in this ease merely the whole weight of tho hammer, and that the length of tho 
arms of the lever turning about the point 0 must bo taken into account. Neglecting the weight of 
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the beam o a, and denoting the weight of the hammer by W, and the force borne by the cam by F, 



SupjK>ee, as it is always well to suppose, that the load is constantly borne by the end of the 
earn, and denote by a, 6, c, the three dimensions of the latter, that is, thickness in the direction 
of the force, breadth taken perpendicularly to the direction of this force, and the length of the 
cam. Neglecting the weight of the tooth, the section at the base will be given by the formula 


a A* = - , if the cams are of cast iron. 

1250000 ’ 


If they are of wrought iron, the divisor of the pro- 


duct Fc is 1000000; and if they are of wood, this divisor will lie reduced to 100000. 


Construction of the Heart-shaped Cam . — This cam, whose form is sufficiently indicated by its 


name, is used to con- 
vert the continuous 


rotatory motion of a 
shaft into a recipro- 
cating rectilinear mo- 
tion of a rod, and 
ho on. The only da- 
tum necessary to the 
construction is the 
length of the stroko 
required. 

To construct the 
heart-shaped eccen- 
tric, take a length 
A 13. Fig. 3161, equal 
to the stroke; pro- 
duce it first to C, 13 C 
being equal to the 
least thickness of 
metal to ho retained 
about the shaft ; then 
to a. C a being equal 
to tbo radius of the 
abaft. Describe the 
circles aC, aB, a A; 
divide each half of 
the circle A a into 
eight equal jiarts, for 
example; the greater 
the number, the more 
exact will bo the con- 
struction. Draw the 
radii a 1, a 2, a 3 ... ; 
divide in like manner 
A B into eight equal 
parts, and from the 
centre a describe 



the circles passing 

through the points of division ; the point in which each of thoso circles meets the radius of the 
same number is a point in the curve. 
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If tho cam in to work against a roller, which in generally the rose, the angle It must be 
rounded a little to give it the form of the roller ; and a length equal to the radius of this roller 
added to the radius An, which length is placed between the stroke A B and the thickness BU. 

Tho heart-shaped cam possesses several valuable properties. 

1. It intercept!) upon all the lines {tossing through the centre a equal length ; this enables it to 
turn in a frame. 

2. The spaces traversed in a straight lino by tho frame nr rod ore exactly proportional to tho 
angular velocity of the cam ; whence it follows that if the rotatory motion of the shaft is uniform, 
tho rectilinear motion produced is uniform also. 

Tract of a Cam con- 3162> 

verting a Continuous . 

Rotatory Motion into <i ^ 

Uniformly Periodical — - — rx~ 

Motion . — Suppose tho , — - — j’ — , 

rectilinear motion to x' ^ ~‘*x.'/x. 

be produced to be S S\ . i /\, \ 

slow at the begin- / S \ j ^ \\ 

ning, accelerated // s' \ ..14.. / \ \ 

during a certain time, / / /'" \ J \ \\ 

and retarded towards / / / t ^ \ 

the end of tho stroke, /y. % / \ „ — 44 — . / 'x \ 

so as to end with the // 'X' v / \ 

velocity with which / / / \ /* / \ ..-••(■jBd-., 'x \ \ \ 

it began. ; j j /"x^ \ ' 

Having taken, as / / ; / / ,''X''Y f '\ \ \ \ \ 


!4 

\ It...., / 

,A I''- 


zy>c 

before, A B equal / / l j Sf A/ / \ Jd / \ \^\ \ » \ • 

to the stroke, Fig. ; ; / ! j / / / /*x ,,'X \ \ \ \ \ \ ' 

3162, wo add BC f l f / j j I ( Y \ \ \ '' • \i» 5 • 1 

equal to the radius l ” 1 ? — j: f — - 1 ® ) — -j-r — r — J V -j y1«J 

or the roller; the \ ! ; j\ \ \ \ \ j j ! j ; i I 

point C is here the \ \ \ / \ \ \ /O if ! \ j j j 

beginning of the \ \ \ / \ \ \\f ! / 1 1 / / / 

curve. Tako C D as \ \ \ | \ \ 'x '.' — }- — /' 7"^^ ! 1 / / / 

the least thickness of \ \ \| ^.V \ 'V„X j - 7\ / 1/ / / 

the metal and D a \ \ \''' \ *'- / ! — \ y / / / ! 

equal to the radius of \ \s" V \ ! \ / I '- N / / 

the shaft. From tho \ \ V\ / T~” \ / /i ?'/♦ 

point C divide C A \ \ \ | ---'X / i / / 

into ports proper- X \\ 'x / — ■ 4 — * \ S / / / 

tional to the accclera- \ ' * '•/ | / / / 

tion or the retardment \ '\/ '**. v ; 

of tho velocity at tho ! * 

given points of the 

stroke, and describe 

from the centre o > 

the circles passing 

through the points 1, 2, 3 . . . Divide each half of tho circle a A into six equal parts, and draw 
the radii to tho }K>ints of division ; their intersection with the circumferences passing through tho 
corresponding points of the stroke A <J gives the points of the curve sought. 

This eccentric cannot, like the last, work in a frame. 

Fig. 3163. A method of engaging, disengaging, and reversing tho upright shaft at the loft. 
The belt is shown on the middle one of tho three pulleys on the lower shafts a, ft, which pulley is 
loose, and consequently no movement is communicated to tho said shafts. When the belt is 
traversed ou the left-hand pulley, which is fast on tho hollow shaft 6, carrying tho bevel-gear B, 
motion is communicated in one direction to the upright shaft ; and on its being traversed ou to the 
right-hand pulley, motion is transmitted through the gear A, fast ou the shaft a, which runs inside 
of ft, and the direction of the upright shaft is reversed. 


\\ \[ ]/ h 

i x 



Fig 3164. Spur-gears. # .... 

Fig. 3165. The wheel to tho right is termed a crown-wheel ; that gcariDg with it is a spur-gear. 
These wheels are not much used, and arc only available for light work, as tho teeth of tho crown- 
wheel most necessarily be thin. 
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Fig. 3166. Multiple-gearing — a recent invention. The smaller triangular wheel drives the 
larger one by the movement of its attached friction-rollers in the radial grooves. 

Fig. 3167. These are sometimes called brush-wheels. The relative speeds can be varied by 
changing the distance of the upper wheel from the oentro of the lower one. The one drives the 
other by the friction or adhesion, and this may be increased by facing the lower one with india- 
rubber. 

Fig. 31 68. Transmission of rotary motion from one shaft at right angles to another. Tho 
spiral thread of the disc-wheel drives the spur-gear, moving it tho distance of one tooth at every 
revolution. 

Fig. 3109. Worm or endless screw and a worm-wheel. This effects tho snme result as Fig. 3108 ; 
and as it is more easily constructed, it is oftener used. 

Fig. 3170. Friction- wheels. Tho surfaces of these wheels are made rough, so as to bite as 
much us jxMsible ; one is sometimes faced with leather, or, better, with vulcanized india-rubber. 

Fig. 3171. Elliptical apnr-gtars. These are used where a rotary motion of varying speed is 
required, ami the variation of speed is determined by the relation between the lengths of tho major 
and minor axes of the ellipses. 

Fig. 3172. Au internally-toothed spur-gear and pinion. With ordinary spur-genrs (such as 
represented in Fig. 3104) the direction of rotation is opposite ; but with the internally-toothed gear, 
tin* two mtatc in the same direction; and with the same strength of tooth the gears are cajmhle of 
transmitting greater force, because more teeth are engaged. 

Fig. 3173. Variable rotary motion produced by uniform rotary motion. Tho small spur-pinion 
works in a slot cut in the bar, which turns loosely upon the shaft of the elliptical gear. The bearing 
of the pinion-shaft has applied to it a spring, which keeps it engaged; the slot in the bar is to 
allow for the variation of length of radius of the elliptical gear. 

Fig. 3174. Uniform into variable rotary motion. The bevel-wheel or pinion to tho left has 
teeth cut through the whole width of its face. Its teeth work with a spirally-arranged scries of 
studs on a conical wheel. 

Fig. 3175. A means of converting rotary motion, by which the speed is made uniform daring 
a part, anti varied during another [tart, of the revolution. 

Fig. 3176. Kuu-and-planet motion. The spur-genr to the right, called the planet-gear, is tied 
to the centre of tho other, or sun-gear, by au arm which preserves a constant distance between their 
centres. This was used as a substitute for the crank in a Bteam-cngine by James Watt, after tho 
use of the crank hail been ]*i tented by another party. Each revolution of the planet-gear, which 
is rigidly attached to the connecting red, gives two to tho sun-gear, which is keyed to the fly-wheel 
shuft. 

Figs. 3177, 3178. Different kinds of geara for transmitting rotary motion from one shaft to 
another arranged obliquely thereto. 

Fig. 3179. A kind of gearing used to transmit great force and give a continuous bearing to 
the teeth. Each wheel is composed of two, three, or more distinct spur-gears. The teeth, instead 
of being in line, are arranged in steps to give a continuous bearing. This system is sometimes 
used for driving screw-propellers, and sometimes, with a rack of similar character, to drive the beds 
of large iren-planing machines. 

Fig. 3180. Frictional grooved gearing — a comparatively recent invention. The diagram to the 
right is un enlarged section, which can be more easily understood. 

Fig. 3181. Alternate circular motion of the horizontal shaft produces a continuous rotary 
motion of the vertical shaft, by means of the ratchet-wheels secured to tho bevel-gears, the ratchet- 
teeth^pf the two wheels being set opposite ways, and the pawds acting in opposite directions. The 
bevel-gears ami ratchet-wheels are loose on the shaft, and the pawls attached to arms firmly secured 
on tho shaft. 

Fiff<*8182. The vertical shaft is made to drive the horizontal one in either direction, as may be 
desired, by means of the double-clutch and bevel-gears. Tho gears on tho horizontal shaft are 
loose, and are driven in opposite directions by the third gear ; the double-clutch slides upon a key 
or feather fixed on the horizontal shaft, which is made to rotate either to tho right or left, according 
to the side on which it is engaged. 

Fig. 3183. Mangle or star-wliecl. for producing an alternating rotary motion. 

Fig. 3184. Different velocity given to two gears, A and C, on the same shaft, by the pinion D. 

Fig. 3185. The small pulley at the top being the driver, the large, internally-toothed gear and 
the concentric gear within will be driven in opposite directions by tho bands, and at tho same time 
will impart motion to the intermediate pinion at the bottom, both around its own centre and also 
around the common centre of the two concentric gears. 

Fig. 3186. Jumping or intermittent rotary motion, used for meters and revolution-counters. 
The drop and attached pawl, carried by a spring at the left, are lifted by pins in tho disc at the 
right. I*ins escape first from pawl, which drops into next Bpace of the star-wheel. When pin 
escapes from drop, spring throws down suddenly the drop, tne pin on which strikes the pawl, 
which, by its action on star-wheel, rapidly gives it a portion of a revolution. This is repeated os 
each pin )>asses. 

Ftg. 3187. Another arrangement of jumping motion. Motion is communicated to worm-gear 
It by worm or endless screw ui the liottom, which is fixed upon the driving shaft. Upon the shaft 
earning the worm-gear works another hollow shaft, on which is fixed cam A, A short piece of 
this hollow shaft is half cut away. A pin fixed iu worm-gear shaft turns hollow shaft and earn, 
the spring which presses on cam holding hollow shaft hack against the pin until it arrives a little 
farther than shown in the figure, when, the direction of the pressure being changed by tho peculiar 
shape of cam, the latter falls down suddenly, independently of worm-wheel, and remains at rest 
till the pin overtakes it, when the same action is repeated. 

Fig. 3188. The left-hand disc or wheel C is the driving wheel, upon which is fixed the tappet A. 
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Tho other disc or wheel D has a series of equidistant studs projecting from its face. Every 
rotation of the tapfiet acting upon one of tho studs in the wheel 1) causes the latter wheel to movo 
the distance of one stud- In order that this may not lie exceeded, a lever-liko stop is arranged on 
a fixed centre. This ship operates in a notch cut in wheel C, And at the same instant tapfiet A 
strikes a stud, said notch faces the lever. As whoel D rotates the end between studs is thrust out, 
and the other extremity enter* the notch : hut immediately on the tappet leaving stud, the lever 
is again forced up in front of next stud, and is there held by periphery of C pressing on its other end. 

. Fig. 3189. A modification of Fig. 3187; a weight 13, attached to an arm secured in tho shaft of 
the worm-gear, being used instead of spring and cam. 

Fig. 3190. Another modification of Fig. 3187 ; a weight or tumbler E, secured on tho hollow 
shaft, being used instead of spring and cam, and operating iu combination with pin C, in the shaft 
of worm-gear. 

Fig. 3191. Tho Binglo tooth A of the driving wheel B nets in tho notches of tho wheel C, and 
turns the latter the distance of one notch in every revolntion of C. No stop is mtcessnry in this 
movement, a* tho driving wheel B serve* os a kick by fitting into tho hollows cut in the circum- 
ference of the wheel C between its notches. 

Fig. 3192. B, a small wheel with ono tooth, is tho driver, and the circumference entering 
between the teeth of the wheel A, serves as a lock or Btop while tho tooth of tho small whoel is out 
of operation. 

Fig. 3193. Tho driving wheel C has a rim, shown in dotted outline, tho exterior of which 
serves as a bearing and stop for the studs on tho other wheel A, when the tappet B is out of con- 
tact with the studs. An openitfg in this rim serves to allow ono Btud to pass in and another to 
pass out. The tappet is opposite tho middle of this opening. 

Fig. 3194. Tho inner circumference (shown by dotted lines) of tho rim of tho driving wheel B 
serves as a lock against which two of the studs in the wheel C rest until the tappet A, striking ono 
of the studs, the next ono below passes out from the guard-rim through the lower notch, and another 
stnd enters tho rim through tho upper notch. 

Fig. 3195. To tho driving wheel D is seenred a bent spring B; another spring C is attached 
to a fixed support. As tho wheel D revolves, the spring B passes under the strong spring C, 
which presses it into a tooth of the ratchet-wheel A, which is thus made to rotate. The catch- 
spring B. being released on its escape from the strong spring C, allows tho wheel A to remain at 
rest till I) has made another revolution. The spring C serves ns a stop. 

Fig. 3196. A uniform intermittent rotnry motion in opposite directions is given to tho bevel- 
gears A and B by means of the mutilated bovel-gear C. 

Fig. 3197. Reciprocating rectilinear motion of the rod C transmits an intermittent circular 
motion to the wheel A, by means of the pawl IJ at tho end of the vibrating bar I). 

Fig. 3198 is another contrivance for registering or counting revolutions. A tappet B, supported 
on tho fixed pivot C, is struck at every revolution of the largo wheel (partly represented) by a 
stud D attached to the said wheel. This causes the end of the tappet next tho ratchet-wheel A 
to 1ms lifted, and to turn the wheel the distance of ono tooth. Tho tappet returns by its own weight 
to its original position after tho stud D has passed, tho end being jointed to permit it to pass tho 
teeth of the ratchet-wheel. 

Fig. 3199. Tho vibration of the lever C on tho centre or fulcrum A produces a rotary move- 
ment of tho wheel B, by means of the two pawls, which act alternately. This is almost a continuous 
movement. 

Fig. 3200. A modification of Fig. 3199. 

Fig. 3201. Reciprocating rectilinear motion of tho rod B produces a nearly continuous rotary 
movement of the ratchet-faced wheel A, by the pawls attached to tho extremities of tho vibrating 
radial arms CC. 

Fig. 3202. Roctilinear motion is imparted to tho slotted bar A by the vibration of tho lever C 
through the agency of the two hooked pawls, which drop alternately into tho teeth of the slotted 
rack-bar A. 

Fig. 3203. Alternate rectilinear motion is given to the rack-rod B by tho continuous revolution 
of tho mutilated spur-gear A, the spiral spring C forcing the rod back to its original position on 
the teeth of the gear A quitting the rack. 

Fig. 3204. On motion being given to tho two treadles D a nearly continuous motion is 
imparted, through the vibrating arms B and their attached pawls, to tho ratchet-wheel A. A chain 
or strop attached to each treadle passes over the pulley C, and as one treadlo is depressed the other 
is raised. 

Fig. 3205. A nearly continuous rotary motion is given to the wheel D by two ratchet-tnothed 
arcs C, one operating on each side of the ratchet-wheel D. These arcs (only one of which is shown ) 
are fast on the same rock-shaft B, and have their teeth set opposite ways. Tho rock-shaft is 
worked by giving a reciprocating rectilinear motion to the rod A. The arcs should have springs 
applied to them, so that each may bo capable of rising to allow its teeth to slide over thoso of tho 
wheel in moving ono way. 

Fig, 3206. The double rack-frame B is suspended from the rod A. Continuous rotary motion 
is given to the ram I). When the shaft of the com is midway between the two racks, tho cam acts 
ujMin neither of them ; but by raising or lowering the rod A either the lower or upper rack is 
brought within range of the cam, and the rack-frame moved to the left or right This movement 
has been used in connection with the governor of an engine, the rod A being connected with the 
governor, and the rack-frame with the throttle or regulating valve. 

Fig. 3207. Uniform circular motion into reciprocating rectilinear motion, by means of muti- 
lated pinion, which drives alternately tho top and bottom rack. 

Fig. 3208. Circular motion into alternate rectilinear motion. Motion is transmitted through 
pulley at tho left upon the worm-shaft. Worm slides upon shaft, but is made to turu with it by 
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means of a groove cut in shaft, and a key in hub of worm. Worm is carried by n small traversing 
frame, which slides upon a horizontal bar of the fixed frame, and the traversing frame also carries 
the toothed wheel into which the worm gears. Ono end of a connecting rod is attached to fixed 
frame at the right and the other end to a wrist secured in toothed wheel. On turning worm-shaft 
rotary motion is transmitted by worm to wheel, which, as it revolves, is forced by connecting rod 
to make an alternating traverse motion. 

Fig. 3209. Continuous circular into continuous but much slower rectilinear motion. The worm 
on the upper shaft, acting on the toothed wheel on the screw-shaft, causes the right and left hand 
screw-threads to move the nuts upon them toward or from each other according to the direction of 
rotation. 

Fig. 3210. F^croll-gears for obtaining a gradually-increasing speed. 

Fig. 3211. What is called a mangU-racJt. A continuous rotation of the pinion will give a 
reciprocating motion to the square frame. Tho pinion-shaft must be free to rise and fall, to pass 
round the guides at tho ends of the rack. This motion may be modified as follows;— If the square 
frame be fixed, and tho pinion bo fixed upon a shaft made with a universal joint, the end of the 
shaft will describe a line, similar to that shown in the drawing, around tho rack. 

Fig. 3212. A mode of obtaining two different speeds on the same shaft from one driving 
wheel. 

Fig. 3213. A continual rotation of the pinion (obtained through the irregular-shaped gear at 
the left) gives a variable vibrating movement to tho horizontal arm, and a variable reciprocating 
movement to the rod A. 

Fig. 3214. Worm or endless scrow and worm-wheel. Used when steadiness or great power is 
required. 

Fig. 3215. Variable circular motion by crown-wheel ami pinion. Tho crown-wheel is placed 
eccentrically to the shaft, therefore the relative radius changes. 

Fig. 3216. Irregular circular motion imparted to wheel A. C is an elliptical spur-gear rotating 
round centre D, and is the driver. B is a small pinion with teeth of the same pitch, gearing with 
C. The centre of this pinion is not fixed, but is carried by au arm or frame which vibrates on a 
centre A, so that as C revolves the frame rises and falls to enable pinion to remain in gear with it, 
notwithstanding the variation in its radius of contact. To keep the teeth of C and B in gear to a 
proper depth, and prevent them from riding over each other, wheel C has attached to it a plato 
which extends beyond it and is furnished with a groove y h of similar elliptical form, for the 
reception of a pin or small roller attached to the vibrating arm concentric with pinion B, 

rig. 3217. If for the eccentric wheel described in the Inst figure an ordinary spur-gear moving 
on au eccentric centre of motion be substituted, a simple link connecting the centre of the wheel 
with that of the pinion with which it gears will maintain proper pitching of teeth in a more simple 
manner than the groove. 

Fig. 3218. This movement is designed to double tho speed by gears of equal diameters and 
numbers of teeth - a result onco generally supposed to be impossible. Six bevel-gears are employed. 
The gear on the shaft B is in gear with two others— one on the shaft F, and the other on the same 
hollow shaft with C, which turns loosely on F. The gear 1) is carried bv tho frame A, which, 
being fast on the shaft F, is made to rotate, and therefore takes round D with it. E is loose on the 
shaft F, and gears with I). Now, suppose the two gears on the hollow shaft U were removed and 
I) prevented from turning on its axis, one revolution given to tho gear on B would cause the frame 
A also to receive ono revolution, and as this frame carries witli it the gear D, gearing with E, one 
revolution would bo imparted to E ; but if tho gears on the hollow shaft C woro replaced D would 
receive also a revolution on its axis during tho one revolution of B, and thus would produce tw r o 
revolutions of E. 

Fig. 3219. Wheel- work in the base of capstan. Thus provided, the capstan can be used as a 
simple or compound machine, single or triple purchase. Tho drumhead and liarrel rotato indepen- 
dently ; the former, being fixed on spindle, turns it round, and wr hen locked to barrel turns it also, 
forming single purchase ; but when unlocked wheel-work acts, and drumhead and barrel rotate in 
opposite directions, with velocities ns three to ono. 

Fig. 3220. J. W. Hewlett's adjustable frictional gearing. This is an improvement on that 
shown in Fig. 3180. The upper wheel A shown in section, is couqmsed of a rubber disc with 
V-»*Ig<S clamped between two metal plate*. By screwing up the nut B, which hold* the parts 
together, tlio rubber disc is made to expand radially, and greater tractive power may bo produced 
between the two wheels. 

Fig. 3221. Scroll-gear and sliding pinion, to produce au increasing velocity of scroll-plate A, 
in one direction, and a decreasing velocity when tho motion is reversed. Pinion B moves on a 
feather on the shaft. 

Fig. 3222. Entwistle’s gearing. Bevel-gear A is fixed. B, gearing with A, is fitted to rotato 
on stud E, secured to shaft D, ami it also gears with bevel-gear C loose, on tho shaft D. On rotary 
motion being given to shaft D, the gear E revolves around A, and also rotates upon its own axis, 
and so acts upon C in two ways, nAincly, by its rotation on its own axis and by its revolution around 
A. With throe gears of equal size, the gear C makes two revolutions for every one of the shaft U. 
This velocity of revolution may, however, bo varied by changing the relative sizes of tho gears. 
C is represented with on attached drum C'. This gearing may l>o used' for steering apparatus, 
driving screw-propellers, &c. By applying power to 0 action may l>e reversed, and a slow motion 
of I) obtained. 

GEODESY. Fk., Qdbddrie; Geb., GeodSaie; Itai.., Geodesia ; Spax., Geodesia. 

An extensive survey made over large portions of the surface of the earth, either for tho purpose 
of ascertaining the exact position of the principal places of a country, or of determining the dimen- 
sions and figure of tho earth, is usually designated a Trigonometrical survey. This branch of 
surveying is termed Geodesy. 
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For this purpose ft country is first divided into n number of large triangles, whose aides are 
usually from 10 to 20 miles in length; but sometimes they extend to 50 or GO miles, and oven 
occasionally, ns in Spain and the west of Scotland, to 100 milea in length. All the angles of the 
triangles are then carefully observed, and n line situated in a level tract of country, called a bos e 
tin*, is measured with extreme rare. These triangles may bo said to form a species of polyhedron, 
circumscribing a portion of the earth, and they are reduced to others on its surface at the level of 
the sea, by supposing perpendiculars to be drawn from each station to the surface. The latitudes 
and longitudes of the different stations are then determined ; and also their heights, and the angles 
which the sides of the triangle make with the meridional lino. 

The great triangle*, into which the country is divided in the first instance, are denominated 
principal triangles. They are afterwards, by a second series of operations, subdivided into smaller 
ones, called secondary triangles, and these* again are broken np into others of still smaller dimen- 
sions, until at length a survey of the whole country is made of any degree of minuteness which 
may l»o thought necessary. The calculations are finally verified by measuring other base lines, and 
comparing them with their lengths determined by calculation. 

In the choice of stations, in a trigonometrical survey, there are two points which ought prin- 
cipally to bo attended to; — 1st. The angles should have such a magnitude, that any small inevit- 
able errors in the observations shall produce the least effect on the sides to be calculated. 2nd. The 
stations should all be distinctly visible from each other. 

To determine the most advantageous conditions of a Triangle. — IvOt a, ft, c, be the sides of a triangle, 
and A, B, C, the angles respectively opnoeito to them. The angles aro all known from olsiervation, 
and the side a is either measured or determined from previous calculation. The side 6 is then 
found from the equation 

6 sin. A = a sin. B. [«] 

Suppose now that tho sido a is accurately known, but that the angles A and B have not been 
correctly measured. l**t a, 0, l>o the respective errors in A and B, and let x be the corresponding 
error in the side ft. We havo then (ft -f x) sin. (A -f- a) = a sin, (B + 0). 

Expanding this expression, and putting cos, a = 1, sin. a = a, cos. 0 = 1, sin. 0 = 0, since the 
errors a, 0, are necessarily very small, we get 

(ft + x) (sin. A + a cos. A) = a (sin. B + 0 cos. B). 

Subtracting [a] from this equation, and omitting the term x a cos. A, which is the second order, 
and extremely small compared with tho other terms, wo get 

x sin. A + ft a cos. A = a 0 cos. B = 0 cos. B ; 

sin. Is 

x = 6 (0 cot. B — a cot. A). [1] 


Hence, if we suppose the errors a and 0 to lie equal, and to have the samo sign, the error x will 
be 0 when A = B; that in, then* will be no error in calculating the side ft, although the angles A 
and B are not correctly observed. If tho errors a and 0 arc equal, but havo different signs, this 
equation becomes x = ft a (cot. A 4- cot. B). 

v - . , , . „ cos. A cm. B (sin. A + B) 

Now, cot. A + oot. B = — — ~ 4- — — „ = -- — . — . — „ • 

sin. A sin. U sin. A sin. 1> 

Also, 

2 Bin. A sin. B = cos. (A — B) — cos. (A + B) = cos. (A — B) + ooe. C, and sin. ( A + B) = sin. C, 


therefore 


_ , 2 sin. C 

X ~ a cos. (A — B) + cos. C * 


[ 2 ] 


an expression which is evidently the least possible when A = B. 

Since tho same reasoning is applicable to tho third side c, it follows that the most advantageous 
conditions of a triangle aro that its sides should he as nearly equal as possible. But, as it is frequently 
impossible to fulfil those conditions, surveyors aro in general satisfied with rejecting all triangles 
which have an angle leas than 30°. 

If the angles are accurately known, bnt there is an error in the Bide a. It is evident that tho 
errors in tho sides ft and c will bo proportional to their lengths; for tho angles being constant tho 
triangles will be similar. Hence it is of the utmost importance to measure the haw* line correctly, 
for any error in this line, which is necessarily very short compared with the extent of the country 
to be surveyed, will Ihj continued through the whole chain of triangles, and magnified in propor- 
tion to tho length of tho sides. 

Descr ip tion of Signal *. — All the stations should be situated in tho most elevated part of the 
country, so ns to be seen from each other without difficulty. In many cases tho theodolite has to 
Ikj elevated to tho top of Borne tower, church-steeple, or other building, and flagstaff* placed over 
the instruments. These can bo more easily distinguished when their figures are soon in tho sky. 
than when they are projected on tho earth or on trees. For more distant stations. Bmgal or whits 
lights were at first used by General Roy. Afterwards the reflection of the sun from a plane mirror, 
as recommended by Gauss, was employed by Colonel Colby and Captain Rater, in verifying that 
part of General Boy's triangulntion which connected the meridians of Greenwich and Baris. 
Jhnttmnund lights were used os night signals at some of the stations in Ireland and tho west of Scot- 
land ; but tlio practice of observing by night has lately been abandoned, in consequence of tho 
unsteadiness of the light and tho quantity of vajiour in the atmosphere. Signals in the English 
survey wen* sometimes formed by building a temporary shed in the form of the frustum of a cone, 
over the point which marks the ocutro of tho station. When the distances arc not very great a 
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plate of metal ib sometimes used, with a narrow vertical alit cut in it ; in which caao the lino of 
light passing through it may be seen very distinctly. 

In elevating a signal for the purposes of observation, it is necessary that it should be sufficiently 
high to be easily distinguished from the surrounding objects. From the experience of the French 
surveyors, they state that the angle of elevation should be at least 31" : and as tan. 31"= 0*00015, 
it follows that the height of the signal must lx> equal to 0*00015 X distance. In practice, there- 
fore, the French usually made the height of the signal equal to a seven thousandth part of the 
distance from whence it was to be observed, and the base of the signal equal to half its height. 
Hence if the distance Ik* ‘20 miles, a distance not unusual in the trigonometrical survey, the signal 
should be at least 15 ft in height. 

Of all tho operations in which the surveyor is engaged, that which appears the most simple, but 
which is by far the most difficult, is the measurement of a base line. Since this line is seldom more 
than six or seven miles in length, and any error in its measurement is multiplied in tho other 
parts of the survey in proportion to their linear dimensions, it is obvious that, in a tract of country 
300 miles long, the error in this length would be fifty times the error in the base line. Every 
precaution, therefore, has been taken which art or ingenuity could devise to ensure the greatest 
accuracy in this most important operation. 

The first thing to be done is to select a level piece of ground, fmm five to seven or eight miles 
in length, which shall bo free from local obstructions, and eommodionsly situated with respect to 
surrounding objects. It is also desirable that it should not be fur distant from an observatory, so 
that the whole chain of triangles may be connected with a fixed station, where astronomical obser- 
vations are made with the utmost care and precision. 

After tho ground has been selected, a line is drawn in the same vcrtienl plane, by means of a 
transit telescope, and marked out by pickets, the tops of which are brought exactly into the same 
level. The tract which is to be measured is then cleared of all obstructions, and made tolerably 
smooth ; and the extremities of the base are permanently fixed by dots marked on cannon, or on 
massive blocks of stone. 

r/eal RoU. — In the commencement of the English survey. General Iloy made use of deal ro<ls, 
20 ft. 3 in, long, about 2 in. deep, and 1} in. broad, on which lengths of 20 ft. went laid off by 
Ramsden. They were constructed in such a manner that they might bo used either by butting the 
end of one rod against the end of another, or by bringing fine transverse lines, iulnid into the upper 
surface at tho distance of 1$ in. from each extremity, into exact coincidence; but the method of 
coincidences was attended with so much inconvenience and loss of time, that General ltoy wns 
compelled to abandon it, and to proceed solely by the method of contacts. Notwithstanding all 
the care, however, that was taken to select reds of the best materials, they were found liable to 
such irregular and sudden variations of length, from the moisture of tho atmosphere, that they 
were entirely abandoned, after the first bnso on Hounslow Heath had been completed. Tho error 
in this measurement was found to be al>out 21 in. 

Gt<us Rods . — When it was discovered that tho deal rods would not prove satisfactory, it wns 
proposed that 'glass rods should be substituted in their place. Tubes were used rather than solid 
rods, us it was found that a sufficient quantity of melted glass could not be taken on the irons 
which were used at the glass-house for drawing the rads. Three hollow tubes were, therefore, 
selected, and converted by Hamsden into measuring rails. They were then placed in cases, to 
which they were made fast in the middle, and also braced at two other points: the whole together 
serving as stays to keep the tubes in their true places from shaking, hut not binding them too 
closely. The ends were ground perfectly smooth, and at right angles to the axis of the bore ,* ono 
end having a fixed apparatus, or metal button, attached to it, for making the contacts, and the 
other end a movable apparatus or slider, which was pressed outwards by a slender spring. The 
fixed extremity of the succeeding rod was pushed against this spring until a fine line on the slider 
was brought into exact coincidence with another fine lino ou the glass rod, in which stato the 
distance lietwcen the extremities was exactly 20 ft. 

Steel Chains . — The third method of measuring a base line, by the English surveyors, was with 
a steel chain made by Ramsden. This chain was 100 ft. in length, and contained 40 links of 
2£ ft. each. A transverse section of these links was a square, each of whose sides was $ an inch. 
In using the chain five coffers were arranged in a straight line, and supported cither by trestles or 
courses of bricks ; tho chain was placed on the coffers and stretched with a constant weight of 
56 lbs. The ends were brought over the same point in this manner; — At the extremity of the 
chain, but unconnected with it, and on a separate post, was placed a scale. When the chain was 
in any position, the scale at the preceding end was moved by meaiiH of screws, until one of its 
divisions coincided exactly with the mnrk on the handle of the chain. This scale remaining in 
its place, the chain was carried forward into its next position, and adjusted, by means of its screw 
apparatus, until the mark in its following end coincided exactly with that division of the scale 
which had been in coincidence with the mark on the preceding end. 

Feet. 

The measurement of the hose on Hounslow Heath, made with deal 


rods, reduced to the lowest extremity, was found to lie .. 27406*26 

„ with glnss tubes 27404*0843 

„ with steel chain 27404*3155 


The mean of tho two last results, or 27404*2 ft., was assumed as the true length of the base in 
the future calculations. 

Notwithstanding the near agreement of the two last methods of measuring a base line, it has 
been objected to the gloss rads ; — 1st. That some error might arise from the ends of the two 
consecutive rods being made to rest on the same trestle, because when the first rod was taken off, 
the face of the trestle being pressed by ono rod only, would have a tendency to incline a little 
forward, the effects of which would be to shorten the apparent length of the base. 2nd. That 
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some error might arise from the casual deviation of the roils from a straight line in the direction 
of the base. 3rd. That from tho manner of supporting the rods on two treaties only, they would In? 
liable to bend in the middle. To the steel chain it has also been objected, by I.egendre and others, 
that, as the chain is not uniformly supported at every point, some doubt must remain whether it 
is perfectly straight when placed in the coffers, and ulso that its length is liable to vary from tho 
rubbing and wear of the joints. 

Reds of Platinum ami Urns *. — In the French surveys, rods of platinum were used. These wore 
two toiaee, or 12 French feet, in length ; their breadth was about six line*, or half a French inch, 
and their thickness one line. On tho surface of tho platinum was placed another rod of brass, 
firmly fixed at one end to the rod of platinum, by means of three screws, but entirely free at tho 
other oml, and throughout its whole length. It was about ti in. shorter than the rod of platinum : 
and, from tho different expansive powers of the two metals, tho two rods united might be considered 
as a kind of metallic thermometer. Four rods were used in tho measurement, three of which were 
always on the ground at the same time ; and, in order to prevent any derangement from bringing tho 
ends into contact, a small interval of about } of an inch was left between them, which was measured 
by means of a slider attached to the preceding end of each rod. The slider was then pushed gently 
out, until it came into contact with the following end of tho next rod. 

Colonel Colby's Method . — The last method adopted, in the survey of Ireland, is an ingenious 
apparatus made by Troughton, Fig. 3223, which supersedes all other imtrumcuts. A B is a bar of 
iron, 10 ft, long, 1} in. deep, and | of an inch 
broad, united to a liar of brass 1 > E, of the saino 
dimensions, at tho distance of 2 in. These liars 
are firmly riveted together at their centres, but 
are free to move at the extremities, according to 
their respective expansions. The base DE is 
covered with a non-conducting substance, to make 
the two bars equally susceptible of heat. P D, - 
Q E. are two tongues of steel, nttachfd to the rods 

by double conical joints, around which they are capable of turning and forming a small angle with 
the lines perpendicular to tho bars. P and Q are two dots of platinum, so exceedingly minute ns 
to be almost invisible to the naked eye. At the temperature of GO 0 the bars are exactly of tho 
same length, and the tongues P D, QE, are then perpendicular to the liars: but if the tempera- 
ture he increased, the bars will expand in different proportions; thus, if Pad, Q be, represent the 
position of the tongues nt the temperature of TO 3 , and tho expansion of iron be to that of brass as 
53 to 83, then A a : Dd It PA ; PD :: 53 : 83. 

lienee tho situation of the point P, aUiut which the tongue P E revolves, is invariable, 
or at least is sensibly so in practice, for all moderate variations of temperature. The same thing 
is true with respect to the point Q, and consequently the distance 1* Q remains, in all moderate 
changes of temperature, of the exact length of 10 ft. It is evident, however, that this can only 
bo true within certain limits; for, as Prf is no longer equal to PD, the point P will have moved 
hi p y nearer to i /, making /></= PD; and the distance of p from PD is evidently equal to 
P D x (tan. I) P«/ — sin. 1) Pd). But as the angle D Pd is, in practice, always extremely small, 
the difference between its tangent and its sine is altogether insensible. 

In tho Irish survey, five or six sets of liars, constructed in this manner, and placed in strong 
deal boxes, supported on trestles, were laid along the line to lie measured, and accurately levelled. 
They were placed at a short distance from each other, and the distance between the dots on the 
adjacent steel tongues of two succeeding bars was accurately measured, by means of jMiwerful 
micrometers, constructed so as to form a compensating instrument of tho same nature as tho 
measuring hare. It is stated that the greatest jiossible error of the base, measured on the eastern 
shore of Lough Foyle, cannot exceed 2 in., though the length is very marly eight miles. 

The Redo* tion of th>- ffyj>nthenvscs.—-Aa the ground on which the liaae is measured is seldom 
perfectly level, the whole distance is divided into a number of 
inclined lines in the same vertical plane. Let A B lie one of 
those line*, whoso length is/, BC = A, the height of this piano, 
and the inclination of the plane BAG = ft In tho first English 
surveys, B C, tho height of B above A, was found from levelling, 
ami therefore the base A 0 — (/* — A*). But in tho latter sur- 

veys, ns well ns in those on the Continent, the angle 9 was measured, and 
therefore the correction A B — AC is equal to / (1 — cos. 9). 

Correction of Temperature . — In tho English survey, the temperature of 
the rods and chain was fonnd from the menu of a number of thermometers; 
and the rate of expansion was previously determined by Hanmlen. In the 
French survey, the measuring rod itself is the thermometer, and tho differ- 
ence of the rates of expansion between the platinum and the brass is care- 
fully ascertained before tho survey commences. In either coso the correc- 
tion is easily found by a single proportion, or by nuansof tables constructed 
for the purpose. 

Reduction to the Level of the Sen . — Let A B, Fig. 3224, bo the arc which 
has been measured, an described above, and corrected on account of tempe- 
rature and the inclinations of the hvpothenuse*. This arc maybe supposed 
to lie taken at a mean between the heights of the two extreme points. Lot 
a A be a concentric arc at the level of the sea, and C a the rudiu* of the earth. Put C<i = r, Aa=A, 
A B — L, a 6 = /, we have then C A : C « : l A U l a b ; 

... , = L-^j = fl-i+*T-4c.) = L-y. 

r + A V r r* / r 
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nearly. In order, therefore, to rednoe the bt«e to the level of the sea, we must subtract the 
correction — — from the length. 

We will now give, as an example, the final result of the measurement of the first base, with 
glass rods, on Hounslow Heath. (Trig. Survey, vol. i., p. 87.) 

Fnl 

Hypothenusal length of tho base as measured by 1381) • 925521 glass 


reals, of 20 ft. eoch -h 4*31 ft 27402 • 8204 

Reduction of the hypothonusea, to be subtracted — 0'0714 

Add the difference between the expansion of the glass above, and 

the contraction of it bolov, 62° + 0*3489 

Add also for 8° difference of temperature of the standard brass 

scale and the glass rods + 0*9864 


Length of the base, in temperature G2° 27404*0843 

Reduction from tho height of the lower end of the bnso above the 

mean level of tho sea, supposed to be 54 ft. — 0*0706 


True length of the base, reduced to tho mean level of the tea .. 27404*0137 


The Measurement ami Reduction of the Angles * — In all the surveys made in the British dominions, 
the instrument for measuring angles lias been a large theodolite, rendered as perfect as tho 
ingenuity of English artists could make it. This instrument maybe defined to be an altitude 
and azimuth instrument, or an instrument for measuring vertical and horizontal angles. Tho 
horizontal circle was 3 ft. in diameter, and angles could bo measured with it to the fractional part 
of a second. 

Tho instrument used by the French and Swedish surveyors was tho repeating circle of Borda. 
The principle of tho circle of repetition is to take the angle several times successively in continua- 
tion on the circle, and then divide the whole arc by the number of observations. 

Let A B D, Fig. 3225, l>e a circle graduated entirely round tho circumference from right to left 
on the upper side only of tho instrument. An, B \ are two telescopes, tho one on tho upper and 
tho other on the under side of the instrument ; these 
telescopes can either be moved independently or they 
limy be clamped and moved altogether with the circle. 

Let P and Q be two objects whoso angular distance is 
t<> b© measured ; and let the instrument by menns of a 
stand be brought into tho plane P C Q. Place tho 
upper telescope A a at zero, and direct it to the object 
P ; rtlso direct tho under telescope B ft to the object Q. 

The two telescopes aro then clamped, and the entire 
instrument is turned in its piano until B ft be pointed 
to P. An will now bo in the position D </, making tho 
angle aQd equal to a C 6; uticlnmp it and turn it back 
to Q, while the circle itself remains fixed ; it is evident 
that A a has moved through an angle d Cft, equal to twico 
the required angle P C Q. The whole circle must now 
be turned again until A a pointB to P, then will Bft bo 
in the position Dd; turn Bft again through tho angle * 
d 0 6 to Q and clamp it. As the undcr-side of tho cirelo 
is not graduated, tho angular distance of ft from zero 
cannot be measured. Now move tho whole circle nntil 
B ft points to P, and turn A a again until it points to Q; the tolcscopo An will have been turned 
through four times the are aft; and by repeating the process the arc can be multiplied any even 
number of times. It will readily be seen that the circle must always be turned to the right through 
the arc ft a, and the two telescopes alternately to the left through t/ft, or twice the arc aft. 

The advantages of this method arc obvious. The errors of graduation may be diminished to any 
degree, and the errors of observation tend to destroy each other. The two circles which Delambre 
used wero 0“*21 and 0«*18, or about 7 in. in diameter; and although the instruments were only 
graduated to minutes, yet by successively repeating tho angle ten, twelve, or even as far as twenty 
times, he imngined that he could determine the angle within a second. 

Various opinions have beeu entertained with respect to the relative merits of the theodolite 
and the repeating circle. The French have imagined that they could attain any degree of accuracy 
with tho circle, and that all errors of division and errors of 
observation might bo entirely annihilated by repetition. Z 

When the angles are measured with a theodolite, no cor- C 
rection is required on account of the different altitudes of 
the signals, as it is the horizontal angle which is observed 
with the instrument; but when the sextant or repeating 
cirele is employed, the oblique angles are observed, and these 
must be reduced to tho plane of the horizon. 

7b reduce the oblique angles to U*c plane of the horizon.— 

I«et O, Fig. 3226, be the place of the observer, BI O N the 0 
angle observed between two signals M, N ; M m, N n, two 
vertical lines meeting the horizontal plane m 6 n in tho points m, n. Let O Z be a vertical line 
passing through O. and with the centre O and radius 1 conceive a sphere to be described, and let 
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the planes Z O M, Z ON.MO N, cut this sphere in the great circles C A, C B, A B. The angle 
observed with the repeating circle is the oblique angle M O N, which is measured by the arc A B, 
but the required angle is m O n, which is equnl to the spherical angle C. The angles MOm,NO«, 
are known from observation, and therefore the complements of them angles, or the ares C A, C B, 
are known. We have then, in the triangle CAB, the three sides C A, CB, A B, given to find the 
angle C. 

Let A, A', be the altitudes of the two signals M and N, 9 the angle between them ; also, let the 
horizontal angle = 0 4- x ; then C A = JKT — A, CB = 90 1 - — A', A B = 0, angle C = 9 + x. By 
_ , _ cos. A B — cos. C A cos. C B , . , x cos. 0 — sin. A sin. A' 

Trig., cos. C = , — x-s—r-STiS » <* COB - ( e + x ) = 1 r> * 

sin. C A sin. C B cos. A cos. A 

Now, in practice. A, A', are very small, ami 0 4- x is nearly equal to 0, therefore x also is very 
small. Hence cos. (0 + x) = cm. 0 cos. x — sin. 0 sin. x = con. 0 — x sin. 0, nearly. 

Also, cos. A cos. A' = (1 — J A 5 + &c.) (1 — $ A** -f- &e.) = 1 — J (A* + A* 2 ) + &c. 


cm. A cos. A' 1 — | (A* *f A 1 *) + &c. 


= 1 4- I (A* + A'*), nearly, and sin. A sin. A' = A A', 


nearly. Substituting these values al»ove, we have 

cos. 0 — x sin. 0 = (cos. 0 — A A') { 1 -f £ (A* + A* 1 ) } • 


Hence x sin. 0 = A A' — £ (A* -f A* 5 ) cos. 0 = 


(h + AT - (A - A')« (A + AT + (A - AT 


(A + AT 1 — cos. 9 (A — AT 1 + cos. 0 


sin. 9 


sin. 0 


= K* + AT tan. £ 0 — £ (A — AT cot. £ 9 . 


Here x is measured in parts of the radius ; if it be measured in seconds we have x = x" sin. 1"; 
therefore 

x" - ( A + AT tan. £ 9 _ (A - AT cot, £ 0 
4 sin. 1" 4 sin. 1" 


Example .— Txt 0 = 51° 9* 29" *774, A = 1° 32' 45", A' = 1° T 10", then £ (A + A') = 4797"* 5, 
£(A-A') = 767"*5. 


2 log. J (A + A') 7*362030 | 2 log. £ (A - A*) 5*770156 

tan. £0 9*680038 cot. £ 9 0*319962 

or. oo. log. sin. 1 " 4*685575 ar. eo. log. Bin. 1 " 4*685575 


53"*413 1*727643 f>"*966 0*775693 


O * M 

Observed angle 51 9 29*744 

+ 53*413 
— 5*966 


Angle reduced to the horizon .. .. 51 10 17*191 


It sometimes happens, when the steeple of a church or other remarkable object is selected as a 
signal, that the theodolite cannot be placed immediately over the point occupied by the axis of the 
signal. In this ease the instrument must be removed* to some convenient place 
near it, and a reduction is then applied to the observed angle in order to obtain 
the true angle at the centre. 

ft is required to determine the rolurtion to the centre. — Let A, Fig. 3227, be 
the situation of the axis of the signal observed from the stations B and C, O the 
place of the centre of the instrument. Put A, B, C. for the angle* of the triangle 
ABC, and a, A, c, for the sides, respectively, opposite to them. Let A O = m, 
angle A O B = 0, angle AOC = % angle B O C = O ; also, angle ABO = x, 

A C O = y. Now, angle A = BDC-x = 0- x + y; also, sin. x C sin. $llml c; 

. • .. . , . m sin. 0 . m sin. y » . . _ 

sin. y I sin. y . . m l b\ sin. x = , sin. y = . But since O 

c o 

is always near the station A, the angles x and y are very small, and therefore 
sin. x = x = x" sin. 1", sin. y = y = y" sin. 1", very nearly. Henco 



q m sin. 0 m sin. y 
c gin. 1" ~ b sin. 1" 


[5] 


When all the angles have been observed and reduced to the plane of the horizon, if the triangle 
were a plane one, their sum ought to he equal to 180°, and thus the correctness of the observations 
might he verified. But in a spherical triangle the sum of the three angles exceeds 180° by a certain 
quantity, called the spherical excess ; and as this can he easily calculated, we have the some means 
of verifying the operation in Spherical ns in Plane Trigonometry. 

It is required to determine the spherical excess in a small triangle measured on the surface of the 
earth. — Ix*t A, B, C. bo the three angles of a spherical triangle, r the radius of the sphere expressed 
in feet, x the area of the triangle in squsro fret, and « the spherical excess given in seconds; we 
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_ y filftAAO" 

have then xIwr^rtA + B + C — 180° (=«"): 180 x 60 x GO seconds ; ; 

and, if we suppose tho mean value of r to be 20,888,761 ft., the logarithm of i* to 

9 '32540. The value of x may be calculated as if tho triangle were a piano one, without any sen- 
sible error. Hence we have the following 

■tfu/c.-rFrom the logarithm of the area of the triangle, taken as a plane one in foot, subtract the 
constant logarithm 9*32540, the remainder will be the logarithm of the spherical excess in seconds, 
nearly. 

When the triangles are very large, a more correct value of r will be obtained by computing for 
the mean latitude of the three stations, the radius of curvature of the meridian, and of the arc per- 
pendicular to the meridian, and taking the mean of the two for the value of r. 

The following example is taken from the Encyclopedia Britannica. The triangle connects the 
west of Scotland with Ireland, and is one of tho largest which occurs in the Trigonometrical 
Survey. 

The throe stations are Benlomond, in Stirlingshire (A), Cairnsmuir-on-Deugh, in Kirkcud- 
bright (B), and Knocklayd, in the county of Antrim (C); the arc c is 352037*62 ft., and tho angles 
are as follows ; — 

A j B I 0 

O I « 1 O • It 

79 42 28*69 43 34 38*36 

35'43 


Moan .. 56 43 28*58 I » 43 34 36*89 


56 43 29*97 
27*94 
28*72 


We shall first compute approximate values of the two sides, a, b (whioh will be afterwards 

required), from the formuhe a = 6 = • and then compute tho area from the formula, 

sin. C ■*« n 


i = £ 6c sin. A. 

log. c = 5 * 54659 
log. sin. A = 9*92223 
log. cosec. 0 = 0*16158 


sin. 0 


log. a = 5*63040 
a = 426970 


log. c = 5*54659 
log. sin. B = 9*99295 
log. cosec. C = 0* 16158 


log. c= 5-54659 
log. b = 5*70112 
log. sin. A = 9*92223 
ar. oo. log. 2 = 9*69897 


log. area = 10*86891 


The latitude of Benlomond (the most northern station) is 56° 11' ; and that of Kuocklayd (the 
most southern) is 55° 10'; the mean of the two is 55° 40'. Tho values of tho radii of curvature are 
therefore r s 20924824 ft., r' = 20968900 ft., mean = 20946862 ft. 


log. 


180 x 60 X 60 


5*31443 


log. r* s 14 *64224 


9*32781 
log. area = 10*86891 


c = 34" * 76 .. .. 1*54110 


The sum of the three angles of the triangle being found from observation = 180° 0' 34''* 16, and 
the true spherical excess being 34" *76, it ap|ieare that the errors of observation in the three angles 
are = — 0"*60. If there were no reason to suppose that one angle has been determined more 
accurately than another, the error should be equally divided among the three angles ; but os it 
geuerelly happens that some of the angles have been determined from a greater number of obser- 
vations, or from observations made under more favourable circumstances than the others, this error 
should l»e distributed among the three angles in such a manner that the respective corrections may 
be inversely prnportioual to the relative gooduess of the observations. For this purpose we have 
the following rule, -given by Gauss, but which our limits will not permit us to demonstrate in this 
work. 

To apf/ortion the error among the different angles. — little . — Let /, f, &c., be the seconds of reading 

in any angle A, n the number of observations, and let m be the mean or average of the wholo ; then 
m — l, m — f, m — f", Ac,, are the errors of tho individual observations, and the weight of the deter- 
mination, or of the average to, will be given from this equation, 


* = **. 

(»n — iy + (m — ry ■+• (to — ry + &c. 

In like manner, tho weights y and x are found for the angles B and C. 

the three angles is then divided into three parts, proportional to - > 

added respectively to the three angles A, B, and C. 


[ 6 ] 

This error in the sum of 
- , - » which are to be 

y * 


fr 
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To apply tin's to the last example, we have for the angle A, l : 
r = 28"‘72; therefore n = 3, m = 4 (/ + l' + O = 28" ‘58. Hence 


29"-97, f = 27" 04, 


1 (1 -39)* + (1‘54>* + (014)’ 

x “ j x y 


= *901. 


The angle li waa given from one observation only. We may, therefore, assume the weight y = i, 
and - = 10 . 

y 

At C the reciprocal of the weight ~ = lLi_' ^ = 2 • 14G. 

Honre the error — 0"‘G0 is to l»e divided into throe parts proportional to the numl>ors *961, 10, 
2 - 41t»; and consequently the corrections of the angles are, respectively, +0"‘04, + 0"*4G, aud 
4- 0"‘ 10. The true spherical angles, therefore, arc 

A = 56° 53' 28" ’62 ; B = 7JT 42' 23"- 15 ; C = 43° 44' 3G"99. 

The Calculation of the Side s of the Triangles . — The three spherical angles of tho triangle being 
thus determined from observation, nnd corrected, and one of tho sides being always known, either 
from actual measurement or calculation, it is necessary to show how the two other sides may be 
determined. The triangle may be considered as a spherical triangle, whoso sides are very small, 
coni] wind with the radius of the sphere; in which caso three different methods have been employed 
for its solution ; — 1st. From the three given snherical angles, the ongles formed by the chords are 
deduced, and from the given side of the triangle the corresponding chord is calculated. With these 
data the other chords are found by Plane Trigonometry, and from thence the arcs themselves. 
2nd. A second method is by the theorem of Legendre, by which tho spherical trianglo is reduced 
to a plane trianglo, whose sides are respectively equal in length to the sides of the triangle of the 
sphere. 3rd. The third method is to compute tho aides by Spherical Trigonometry. 

First Method; — To reduce the angle of a spherical triangle to the angle fanned by the chords of the 
containing sides. — Let a, 6 , c, be the sides of tho spherical triangle, and r tho radius of the sphere, 
<i be 

all measured in feet ; also, let - = a, - =3, = 7 , then will a, 3, y, be tho sides of a similar triangle 

on n sphere whose radius is 1. Let A be the spherical angle opposite to the side a, and let A — x 
U* the oorrosjxtudiug angle formed by tho chords. We have then 


cos. A = 


cos. a — cos. 0 cos. y 
sin. 0 sin. y 

- C 1 - 2 * in * Hin *’ i 0 ) (1 - 2 sin.* $ y) 

2 sin. A 3 cos. §0x2 sin. £ y cos. y 

sin . 3 $ 0 + sin . 3 $ y — sin.* { a _ sin. } 0 sin. £ y 
~ 2 sin. A 0 sin. Jy x cos. A B cos. } y ~ cos. £ 0 cos. ,} 7 

Also, iMJcause chord a — 2 sin. $ a, chord 0 = Ac., wc have, in the trianglo formed by tho chords, 


cos. (A — x) = 


chord* 0 -f chord 2 7 — chord* a _ sin . 5 J 0 -f sin.* 4 7 — sin * $ a 


2 chord 0 chord 7 
Sulwtituting this in the preceding equation, wc get 
cos. (A — x) 

cos. A .— 


t sin. A 0 sin. 4 7 


siu. £ 0 sin. i 7 


* cos. 4 0 oos. } 7 cos. £ 0 cos. J 7 ’ 
cos. (A — x) = sin. 4 0 sin. J 7 + cos. A 0 cos. 4 7 cos. A. 


[7] 


This expression is exact. But, because tho three arcs, a, 0 , 7 , are very small, A — x is nearly 
equal to A, and therefore x is also very email. Hence 

oos. (A — x) = cos. A cos. x + sin. x sin. A = cos. A + * sin. A, nearly. 

Also, Min. A 0 - $ 0. cos. J 0 — 1 — J 0*, Bin. i 7 = Ac., very nearly. Hence, substituting these 
values in equation [7], and reducing, wc obtain 


x sin. A = 4 0 7 — 4 (j 8 * -4- 7 *) cos. A 

_ (g + 7)’-(fl-7) , (fl+ y)' + (0-yy 
id 1G 

_ (jB + 7 >* 1 - cos. A (0 - 7 )* 1 + cos. A 


cos. A ; 


Id 


-c-£y 


sin. A 

tan. } A ■ 


It* sin. A 

(tt J } A : 
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or, If x lie estimated in seoonds, 


fj ‘ Y * nn> i ^ /i» — c’Y cot. } A 

4r / sin, 1" \ 4r / sin. 1" 


[ 8 ] 


Having obtained the throe reduced angles, we find the chords of the spheric*) arcs intercepted 
between the stations, from Plane Trigonometry, and from them wo deduce the arcs themselves, by 
means of the following formula ; — 


- = »in. i a + + 


1 (nln. l.y 1.3 (sin. i «)* 


4- Ac. ; 


aud because chord a = 2 sin. $ o, and a is very small, if wo neglect the terms after the second, 
, . ... (chord ap . a chord a (chord aV* 

and multiply by 2, we get a = chord a + — ; hence - = — - — -f 


24 r* 


.*. a = chord a 


(chord «)* 
+ 24 r* ' 


[ 9 ] 


Example . — As an example of this method of solution, we will take the following ; — 


log. r* .. .. 

16 sin. 1“ .. 

.. .. 14*64224 
.. .. 5*88969 

to .. .. 

(»-c)* 

.. .. 9*46807 

.. .. 10*35468 


0*53193 

1"M1 . 


(1) 




(M-c? .. 

tan. A .. 

.. .. 11*86342 
.. .. 9*73235 


+ 11*583 
- 1*231 

ir*5S3 

.. .. 1*06384 


x = 10*352 


In the same manner, the corrections for the angles It and C will be found to bo 14“ *684 and 
9" * 724 respectively. Hence the three angles formed by the chords are 

A* 55 56° 43' 18"* 27, D' = 79° 42' 14"-47, C = 43° 34' 27"*26, 

and the sum of these = 180°, ns it should be. 

The chord c having been previously found equal to 352033*48 ft., we are enabled to find the 
lengths of tho chords opposite A' and B' from the proportions 


sin. O' : sin. A' : 

: chord c J chord a ; 

; sin. C' : sin. B' : 

: chord c I chord b. 

cosec. O' .. 
sin. A' 
chord c .. 

.. 0*1615956 
.. 9*9222144 
.. 5*5405840 

sin. B* 

.. .. 0*1615956 

.. .. 9*9929499 

. .. 5*5465840 

chord a .. 

.. 5*6303940 

chord 6 .. 

.. .. 5*7011295 


Hence chord a = 426966 CO ft., chord b = 852033*48 ft. 

We have now to determine the lengths of the area a and h from the corresponding chords, from 
formula [9], Making use of the logarithms already given in the preceding solution, wo readily find 

(chord a)» _ (chord ty _ (cho rd cf _ 

Mr* “ 7 ’ 24,0 - , ' J05 > 2dr* ” *’ 

and therefore the lengths of tho arcs are a — 426974*08, 6 = 502504*51, c = 852037*62. 

Secoiul Method. — Legendre's Theorem. — If the three sides of a plane triangle be equal to the three sides 
of <i small spherical triangle , respect ire/ >j, the difference between each of the angles of the plane triangle , 
and the corre s ponding angle of the spherical triangle y will be equal to one-third of the spherical excess .- — 
As before, let a, 6, c, be the three sides of tho small spherical triangle, measured in feet, r the 

radius of the Bphcre, and - = a, - = 0, - = y. Also, let A bo the spherical angle opposite to tho 
r r r 

side a, and A' the corresponding angle in a plane triangle, whose sides are o, 6, c. Wc have then, 

, , . COS. O — 003. 0 COS. 7 

as before, cos. A = r -. • 

sm. 0 sin. 7 

If we now expand each of the quantities cos. a, cos. 0, sin. 0. Ac., in a series, and arrange tho 
terms according to the powers of a, 0. 7, we shall find that the terms of the first order will be the 
same as if the triangle were rectilineal, and those of the second order will contain the fourth jtowers 
of the arc in the numerator, and the second powers in the denominator. Neglecting, therefore, 
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nil powers higher than the fourth, we have cos. a = 1 — $ a* + ^ a 4 , sin. ,0 = B — $ &*, 
cos. 0 = &c. 

Substituting these vulucs in the preceding equation, it becomes 


_ t(P + y* — a»)4-^<a < -g < ~y ) -±0W 

■ “ Jyo-t*-*?’) 

And because ^ - t j = 1 + $ (0 J -f 7-*) + (0* + T 3 )* + ^ we substitute this above, 

and neglect all terms containing powers higher than the fourth, we get 

+ a 4 -f 0 4 -f y 4 — 2 a* 0* — 2 « a 7* — 2 0* 7 * 

C08 ' 2$y + 21/9? 


fc* + c« _ a* + <i 4 + M + c 4 - 2a*<* -2a , c»- 2 6*c* 


2 6c 


24 6 c X r* 


6* 4- c* — u* 

But — -r; — — = cos. A' ; also 2 a* 6* + 2 a* e* + 2 6* c* — a 4 — 6 4 — c 4 = (4 area)* = 16 8* ; 


2 6c 


cos. A = 00a. A' — 


2 S* 

36c x r* * 


[ 10 ] 


Let A = A' + or, then x is evidently a very small angle, consequently 

cos. A — otw. A' cos. x — sin. x sin. A' = 00s. A' — x sin. A', nearly. 

Comparing this value of cos. A with equation [10], we have 

2 8* _ 8 

X ” 3 r* x 6 c sin. A' “ 3 r* » 

Hence A' = A — • [II] 

o r* 

8 8 

In like manner, B' = B — — , C' = C — j— , ; 

Sr or 

. . A' + B’ + C’ = 180° = A + B + C — 3 • 

r* 

g 

Hence ^ is the excess of the three angles of the spherical triangle above two right angles, and each 

of the angles A, B, C, exceeds the corresponding angle of the plane triangle by one-tkird of this 
spherical excess. 

Example . — Taking the samo example as before, we find the spherical excess = 34"- 76, and one- 
third of this excess = 11" *59. Hence A' = 56 n 43' 17"*04, B’- 79° 42' IT' 56, C'^43' 34' 25"*40. 
With these angles, and the given side c = 352037*62 ft., we then compute the other sides, a, 6, by 
Plane Trigonometry, sin. C' : sin. A' 1 1 c l a, and sin. C' : sin. B' ll c l 6. 

cosec. C 0 1615997 

sin. A' 9*9222127 

c 5*5465891 


a 5*6304015 j 6 5*7011399 

Hence a = 426974 *06 ft., 6 s 502504*42 ft 


.. 0*1615997 

sin. B' 9*9929511 

5*5465891 


Third Method. — 7o compute the sides by Spherical Trigonometry. — By Trig., 

sin. C : sin. A : : sin. c : sin. a. [a] 

And since c and a are very small, compared with the radius of the sphere, 

sin. c c c* , , /. c* \ 

= — -7—. , nearly, .*. sin. c = cl 1 — — _ I 

r r fir*’ V 6 rV 


log. siu. c = log. c + log. ^1 — = log. c — c*, [12] 

nearly, these logarithms being taken from the common tables, and M being the modulus of the 
system. Having found log. sin. c from this expression, we get log. sin. a from proportion [a]. We 
then obtain a from the equation 

log. a = log. sin. a + ^ a* s log. sin,.a + sin.* a. [13] 
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Example . — To apply this to the lost example, 


log. r* .. .. 

.. 14G4224 

O* 

.. 5*5465891 

iJi ■■ 

6*89908 

•0000204 

to 

.. 4-21739 

win. c .. 

.. 5*0465687 

c* 

.. 11*09318 

sin. A .. 

.. 9*9222287 



cosec. C 

.. 0*1615740 

•0000204 

.. 5 31057 


5*6908714 

sin. a 

.. 5-63037 


0000301 


5*63037 


— 

(i) 

.. 4-21739 

a 

.. 5-6301015 

0000301 

.. 5-47813 




As the logarithm of a is exactly the same as that which we obtained by Legendre's method, the 
arc itself will also be the same as before. 

The logarithm of the side 6 is found in the same manner = 5' 701 1398, which only differs from 
the former logarithm by a unit in the last place of decimals. 

In comparing these three methods together, Legendre's certainly appears to be the moat simple, 
and the first method perhaps the moat difficult. They are all, however, rendered considerably more 
easy in practice by mentis of auxiliary tables, previously calculated. The third method also has an 
advantage over the two others, in this respect, that if any of the angles (A for example) be ouo of 
the angles in auothcr triangle, as in calculating the latitudes and azimuths, no further correction 
will be necessary ; whereas, in the first and second methods, a new reduction must be made in 
order hi obtain (ho angles for calculation. The whole may he brought under ouo view in the fol- 
lowing Table ; — 


Buttons. 

Olurrvnl Angle*. 

Apportion- 
ment of Error. 

Spherical ■ 
Angles. 

Chord 

Angles. 

Mmn 1 
Angle*. I 

Opposite | 

Chord*. j 

Opposite 

Area. 

A 

o 

56 

43 

28*58 

+ 004 

28*62 

18-27 

1704 

426966-69 

426974-08 

li 

79 

42 

28-69 

+ 016 

29 15 

14*47 

17-56 

502492-46 

502504-51 

c 

43 

34 

36-89 

+ 010 

1 36-99 

27-26 1 

25-40 

352033-48 

35203762 


180 

0 

34 16 

0-60 

34-70 

000 

o-oo i 




Calculation of the Latitude*, Lonffitudes t ami Azimuth*. — When all the sides of the principal 
triangles have been found, by one of the methods described in the preceding articles, we proceed 
to determine the latitudes and longitudes of the different stations, and the incli- 
nations which the sides of the triangles make with the meridian. For this pur- 
pose it is necessary that the latitude of one of the stations and the azimuth of 
one of the sides should bo found independently, by astronomical means ; and 
from them we may determine the longitudes and latitudes of all the other sta- 
tions. and the azimuths of the sides of the triangles. We shall first suppose the 
earth to be a sphere, and afterwards correct the error arising from this hypo- 
thesis. 

Given the latitude of a station A, the distance of A from another station B, and also 
the azimuth of B as seen from A, to determine the latitude of B, the earth being con- 
tvlered as a sphere. — Ix-t P, Fig. 3228, be the pole of the earth. PA, P B, the meri- 
dians of the stations A and B. Let the angle P A B = A, P B A = B, arc P A = 

WP — /, P B = 90° — l\ and l —l’ = A ; also, let the arc A B measured in feet — 1). _ 
and in parts of the radius = 8: and let the radius of the earth measured in feet 1 
= r. We have then, from Spherical Trigonometry, cos. P B = cos. PA cos. A B + 
sin. PA sin. A Boos. A, or 



. V = sin. / eoe 8 + cos. / sin. 8 cos. A. 


M 


But sin. f — sin. (/ — A) = sin. I cos. A - cos. I Bin. A as sin. / (1 — J A 5 ) — A cos. /. 

Also, cos. 8 =: -i 8’i »>n. * = neglecting all the powers of 8 and A higher than tho 
second. 

Making these substitutions in equation [a], wc have 

sin. I (1 — | A*) — A cos. / = sin. / (1 — } &) - 8 cos, / cos. A ; 

.-. A cos. A + $ (8* — A*) tan l. 


For a first approximation, we may neglect the second powers of 8 and A, and assume A = 8 cos. A, 
which is the same thing as if we supposed the meridians at A and B to be parallel. Substituting 
this first value of A in the second member of the last equation, we obtain 

A = 8 cos. A + i 8* sin. 9 A tan. /. 


A 


Digitized by Google 



1658 


GEODESY. 


Here A and 8 are measured in parts of the radius. IT A" be the number of seconds in A, then 
A = A" sin. 1"; also 8 = — \ Making these substitutions, the last equation becomes 


D cos. A ^ D* sin.* A tan. / 


r biu. 1" 


2 r* sin. 1" 


do 


To determine the some tchen the spheroidal figure of the earth is token into consideration . — Lot PA, 
PB, Fig. 3229, be the meridians of A and It, the earth being considered as a spheroid; let 
A M, BN, be the normals to the surface meeting the polar axis 
in 31 and N ; join B M. Suppose A p B to be the surface of a 
sphere whose centre is M, and rodius M A. Then, because the 
arc A B is very small, and A M is a normal to the spheroid, it is 
nearly equal to the nulius of curvature at A, therefore the 
surface of the sphere will very nearly pass through B, and the 
difference between the arc A B on the sphere and on the sphe- 
roid will be altogether insensible. The spherical triangle pAB 
may bo considered as that whose solution we have just given, 
and on this supposition BM» = 90° — f is the colatitude of B. 

But the true oolatitudo of B is the angle B N i’ = 90° — L, 
which is greater than B M P by the anglo MBN. Let / — /' = A, 
r-L = MBN = $>; we have then, in the triangle B 31 N, 

C31-CN 


sin. $ = 


31 N . 


BM 


sin. B N M = - 


B 31 


. L; 



but C M = A M . c* Bin. /, C N = B N . c* sin. L, therefore 

, BN . T \ 

! “ BM ,m - L J ' 


. ^ * T MM , , 

sin. <P = <r cos. L / — - sin. I - 
\B 3 


And since - — and differ from unity by n quantity of a very minute order, we have 
B M B 31 

Bin. ^ = c* cos. L (sin. I — sin. L), very nearly. 

Now, Bin. I, = sin. | / - (A + y.) | = Bin. / - (\ + e>) cob. I, nearlr Also, Bin. t = ?. very 
nearly ; therefore <f> = e> (* + *) cob. L cob. /. Hence, transposing and dividing, 

c* A. coa. L cos. =c , xcos . Lcoa ., ineorIy: 

1 — c 4 COB. L cos. / 

<p ss c 3 A coa.* /, nearly, and A4<£ = *(l+ fS cos* /). 

Hence, on the spheroid, the difference of latitude 


-L={ 


D cos. A D* Bin * A tan. i 


sin. l rt 


2 i- 2 sin. 1" 


} (1 + e* cos* <), [15] 


where r = A 31, the normal to the surface at the station A. , .. , 

The same thin;* being given, to firul the difference of longitude .—' The difference of longitude on 
the sphere is the angle A p B, which is equal to A P B, the difference of longitude on the spheroid. 
We have then, by Spherical Trigonometry, sin. Bp : sin. A :: sin. 8 : Bin. p .. 5 . p. But 


sin. Bp = cos. t — coe. L, very nearly, 8 = D + r, p _ P 

p., _ D .A 


: P" bin. 1", therefore 


[16] 


r CoS. L sill. 1" 

To find the ozimuth of A a* seen from B.— In the spherical triangle A p B we have, from Napier’s 
analogies, coe. | (p B 4- P A) : cos. * (Bp — p A) : : cot. 4 p I bin. * (A 4 B). 

Now, 1 (pB 4P A) = * (90” -0 4 1 (90° - 0 = 90- J - i (/ 4 l \ J O' B -p A) = * (/- O. 
* (A 4 B) = 90? - * (1H0 - A - B). 

Making these substitutions, this proportion becomes 

bin. j (/ 4 o : cos. i (/ — o :: cot. *p : cot. * (iso° — a — B) 

:: tan. * (180° — A — B) : tan Jp. 

And liecause the distance A B is always very small, compared with the radius of the earth, A 4 B 
is nearly equal to 180, and therefore 180° - A - B is a very small angle. Also,* par *1 is vry 
small. We may therefore substitute the arcs for tho tangcuts, aud ulso L for / , without sensible 
error. Hence, forming an equation, wo obtain 


180° - A - P 


Bin. * (/ 4 L) 

cos. * (/ — L) 


[17] 


The angle B, which we have calculated, is the spherical angle p B A, or the fyiglo contained 
between the planes M Bp. 31 B A ; but tho true azimuth is the spheroidal angle contained between 
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the planes NBP, NBA; the difference, however, between theae angles has been proved by 
Del&mbre to be so small as not to be sensible in practice. 

In tho trigonometrical survey the angles are measured either from the north or south to the 
cast or west ; but in tho “ base du systemo metrique,” tho angles aro measured from tho south 
towards the west, eutirely round the circle. 

To determine the azimuth of one of the signals independently from astronomical observations . — The 
general principle of the method is this. The error of a clock or chronometer is found either by 
means of a transit instrument, or by observations of equal altitudes, or by single altitudes, if tho 
lntitudo of the place be well known. Tho observer then takes the angle (0) between the signal and 
the sun, or a star, when near the horizon, and notes the time when the observation was made. 
Tho azimuth of tho heavenly body is also calculated for this timo ; the lntitudo and declinntiou 
being known. Then the sum or difference of the angle 0 and tho azimuth of the heavenly body 
will give the azimuth of tho signal required. The refraction will scarcely affect the result, but a 
small error in the time would produce a considerable error in the azimuth. 

Tho method adopted in tho trigonometrical survey was to take the mean of tho two angles 
observed with the theodolite, between a flagstnff and the pole star at its greatest elongation east and 
west. But, from tho great altitude of the polo star in our latitudes, any error in the adjustment of 
the cross axis of the theodolite to hnrizontality, would materially affect the resulting azimuth. 

Example . — From tho Trigonometrical Survey, vol. ii n p. 88, the distance of Black Down from 
Dunnoee = 814397*5 ft., the latitude of Dunnnse = 50 n 37' 7" *3 N., and azimuth of Black Dowu, 
as seen from Dunnoae = 84° 54' 52" '5 N.W. Required the latitude and longitude of Black Down, 
and tho azimuth of Dunnoso, as seen from Black Down. 

To find the latitude . — The normal A M, which is equal to r the radius of the curvature at A, 
perpendicular to the meridian, is found = 20303000, marly. 


log. r .. .. 

.. .. 7*32145 

2 r* sin. 1" .. .. 

.. 9*02950 

sin. 1" .. 







0*37050 


2*00702 

D J 

.. 10-99470 




.. 9*99058 

nr. co 

.. .. 7*99298 

tan. 1 

.. 0*08573 

IJ 

.. .. 5*49735 

(1 + s* cos.* 0 .. 

.. 0-00116 

cos. A .. 

.. .. 8-94763 



(I + e* OH* 0 

.. .. 0-00116 

28"* 10 

.. 1-44807 

274" -87 

.. .. 2-43912 



Hence / — L = x 274''* 

87 + 28"10 = -4'ti 

”•77, 5iidL = (+ 4'<r 

•77 = 50° 41' li"07. 

7o find the Difference of Lonj\tu>lc. 

7b find the Azimuth. 

ar. co. log. r sin 

. 1" .. 7*99298 

sin.i (/+I.) .. 

.. 9*88836 

D 

.. .. 5*49735 

«»• j(L — 0 •• 

.. 0*00000 

sin. A . . 

.. .. 9*99829 

P 

.. 3-68684 







3760"- 12 


48G2"*3 

.. .. 3-68684 



HcneoP = 1° 21' 

and since the longi- 

Hence 


tude of Diuinosc wna previously found = 

PI! A = 180P-A-1° 

2' 40"' 12 = 34" 2' 27 '38. 

1° 11* 86", therefore, tho long, of Black 

The observed angle 

PB A was 94° 2' 22" 75. 

Down = 2° 32' 3S"'3. 

i 




In the survey, the value of P is found to be l ft 20' 46"-4. Tho difference, 15"‘9, arises from 
on erroneous assumption in the length of the perpendicular degree, which gives all the longitudes 
on tho southern coast of England too small. 

if eights of the Stations, and Terrestrial Refraction . — To find the 
altitude of the station B above the station A. — Let C, Fig. 3230, be 
the centre of the earth, supposed to be a sphere, and A and B two 
stations on its surface. Draw AD, B D, perpendicular to tho 
radii C A, C B, respectively, in the piano CAB; and suppose a 
ami b to be the apparent places of A and B as seen from each 
other, and elevated by refraction. If the rays of light proceeded 
in straight lines, the angle D A B would be the depression of B 
below the horizon of A, and DBA the depression of A below tho 
horizon of U. And because DAC, DBG, are right angles, 

C+ D = 180° = I)AB+DBA + D. and C = D A B+ D B A. 

Also, since the distance A B is known, and the radius of the 
earth (sufficiently near for this purpose), the angle C can easily 
be found. 

Let a. 0, be the observed depression* at A and B respectively, 
and p, p\ the two refractions, then 

D A B = a +/>, D B A = 0 + p\ and (a + p) + (8 + p) = C; 

mean refraction I (p 4- p') = 1 (C - a - 0). [18] 

Let E be the point in C B which is on the same level with A, then CE = C A, and E B is the 
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Altitude of B above A, which is to be determined. Join A E, then the angle DAE = 90° — C A E = 1 C, 
therefore the angle 

BAE = * = DAE-DAB = *C-(a + p); [19] 

and since the angle B A E is always very small, and B E A very nearly a right angle, 

BE = AEx^ = Dxf siu. 1". [20] 


If one of the stations, B for example, is elevated above the horizon of A, 0 must be considered 
negative. Also, each observation must be reduced, previously to the calculation, to the place of 
the axis of the instrument. 

Example . — At Allington Knoll tho top of the staff on Tentenlen steeple was depressed 3' 5" ; 
and the axis of the instrument was 5 A ft. above the ground : on Tnnterden steeple the ground at 
Allington Knoll was depressed 3’ 35 , and the axis of tho instrument was 3*1 ft. below the top of 
the Btaff. The distance between the stations being 61,777 ft., it is required to calculate the mean 
refraction, and also tho height of Tentenlen steeple above Allington Knoll. (Trig. Survey, vol. i., 
p. 176.) 


Tho angle which a perpendicular height of 
5 *5 ft. subtends at the distance = 61777 ft. is 
5*5 

* . = 18" *4 ; and in like manner 

61777 + sin. 1" 

tho angle which 3*1 ft. subtends is 10 M *4. 
Hence 

Depression of the top of the staff 3 51 
Correction due to 3*1 ft + 10*4 


Depression of instrument .. 1 1*4 


Length of perpendicular degree at Tenterdcn 
(vol i n p. 168) = 61185 fathoms. 

Fathoms. Feet „ , „ 

61185 : G1777 :: l : 10 6 

0 4 1*4 

a 3 166 


a + 0 7 180 

C 10 6 


Depression of the ground 
Correction due to 5} ft. 

Depression of instrument 


8 35 

- 18*4 


3 16*6 


p X p' 2 48 

Mean refraction 1 24 


Hence <#>'' — 4 C — (a -f- mean refr.) = 22"*4, and h = D x <p" sin. 1" = 6*7 ft. 

The vertical height of the axis at Allington Knoll had been previously found to be 329 ft., so 
that the height of the axis on Tenterdcn steeple was 322*3 ft. 

To find tho absolute altitudes it is necessary that the heights of one or more of the stations be 
ascertained by actually levelling down to the surface of the sea. The heights of all tho inter- 
mediate stations arc then determined by tho reciprocal angles of elevation 
or depression, carried on from station to station, and it is obvious that a 
verification will be obtained for every three stations ; for the difference of 
altitude between A and B, when found from direct observation, ought to 
be the same'as when deduced from the difference of the heights of each of 
those stations and a third station C. 

In the preceding example the effect of refraction is | of tho intercepted 
arc. In other cases the refraction varied from 4 to ^ of tho contained 
arc. When reciprocal observations could not be obtained, ^ of C was 
generally assumed as a mean value of p, in order to obtain the angle p in 
equation [19]. 

Measurement of the Arcs of the Meridian, and tfte Arcs parallel to the 
Equator, — When a chain of triangles has been formed nearly in the direc- 
tion of the arc of a meridian, and all the sides have been computed, accord- 
ing to the preceding rules, wo are enabled to determine the length of the 
arc of the meridian intercepted between the parallels of the extreme sta- 
tions. For this purpose two different methods have been adopted, which 
we shall briefly explain. 

The Method of Oblique-angled Triangles. — To measure the arc of the me- 
ridian intercepted between the parallels of A and L. — Let A B CD ... , 

Fig. 3231, bo a chain of triangles lying nearly in the direction of the 
meridian A X. All the sides of the triangles are supposed to have been 
previously computed, and the angle C A X is given from observation. Pro- 
duce C D to M, join F M; and, from the last station L, draw L X per- 
pendicular to the meridian A X. The following spherical triangles will 
then be most easily sol veil, according to Legendre’s method, by first com- 
puting the spherical excess in each case, and then deducting one-third of 
this excess from each of the spherical angles. 

In the triangle A C M, there are given AC, Z ACM, ZCAM, to find 
A M. C M, and Z A M C. 

Then D M = C M - C D, and Z M D F = 18<P — CDF. 

In the triangle D M F are given D F, D M, Z D, to find M F, Z D M F, Z D F M. 

Z FMN = 180* -(A MC + DMF); Z M FN = DFN - DFM. 
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In the trianglo M F X are given M F, ^FMN, /MPN, to find M X, F N, and ZMNF. 
n N = F II - F N, and Z F N M = HN O. 

In the triangle H X O are given nX^HNO./N H O, to find X O, II O. and Z II O X. 

I.astlv. in resolving the triangles If O K. O K T, I. X T, we find O T and T X. Hence we hare, 
by addition, A X = A M -f M X + X O + O T + T X. 

It must be observed, however, that the point X is not in the same parallel of latitude with L. 
Suppo.se the lutitude of A to be greater than that of X, and let L =r the latitude of L, and L -f x = 
the latitude of X, aluo put LX = p; if then wo suppose X A produced to meet the meridian of L 
in the polo P, wo shall nave cos. P L = cos. P X one. L X, or 

• r-w | v . T , • T *‘ n - k 

. sin. (L -f x) = sin. x cos. L -J- am. L cos. x = • • 


But ain. x s x — £ r* + Ac., cos. x — 1 — } x* + Ac., cos. p - 1 — £ p* + Ac*, consequently we 
have cos. L (x — Ac.) + sin. L (1 — | x* *f Ac.) = sin. L (l -f i P* + Ac.); 

x = tan. L (1 p* -f $ x*) + Ac. 

Hence x is of the second order, with respect to p, and therefore the term involving X s being of the 
fourth order may bo neglected. Hence x = j />* tan. L. In this expression p and x are measured 

in parts of the radius; if wo suppose them to bo nxasurcd in feet, we must substitute ^ and - for 

p and x, therefore the correction to bo added to A X (the latitude of A being greater than that of 
X)i« 

x — tan. L. [21] 


The Method of Parallels . — The method employed by Delambre to determine the length of the arc 
of the meridian, was to project on the principal meridian all the stations to the east, by means of 
circles parallel to the equator. Ho then computed the distance between every two succeeding 
parallels from formula [15]; the sum of all these distances will give the entire length of the meri- 
dian between the extreme stations. Having done the same for the stations to the west of the 
meridian, these two sums ought to give tho same value for the length of 


the total arc of the meridian, and thus the two computations nerve to verify 
each other. If the two sums do not agree, a mean should be taken 
between the two for the total arc. This method, however, can only l>c 
applied when the dimensions of the earth am previously known with 
tolerable accuracy. 

When the distance between the parallels of the extreme stations has 
been determined in this manner, it only remains to determine the latitudes 
of these stations, and the amplitude of the corresponding celestial are. This 
is the most difficult part of tho whole operation. The error of a single 
second in the difference of latitude is equivalent to about 100 ft. on the 
terrestrial meridian, and therefore it is obvious that an error in the latitude 
is of far more importance than any which can affect thp measurement of tho 
base, the angles of the trinngles, or the direction of the meridian. In the 
English survey, and in India, the latitudes were observed with a zenith 
sector. 

The principle of the zenith sector is this ;--A B, Fig. 3232, is an arc of 
a circle, having a long radius C D, to which is firmly fixed a telescope T of 
the same length. The instrument is suspended vertically, and the telescope 
(with the arc fixed to it) can be moved in the plane of the meridian a few 
degrees on each side of the vertical line so as to observe stars within a 
few degree* of the zenith. A plumb line C P suspended from the centre 
of the instrument and passing over the arc A B, snows the angle between 
C D and the vertical line C P. This instrument can be turned half round 
in azimuth, so that if observations In' made on the same stars in the two 



positions any error in the place of the zero of graduation will be entirely 
removed; for the zenith distance will be as much too great in the one case 
as it was too little in the other. The telescope of tho sector used in 
the British survey whs H ft. in length. 

In France the small repenting circle, before described, was used 
to determine tho latitudes; and it has justly been doubted whether 
this instrument can be safely relied on for determining so important an 
element as the latitude. 

Jo determine the length of an arc parallel to the equator . — Let A B, 

Fig. 3233, he one of the sides of a chain of triangles which lie in a di- 
rection nearly perpendicular to the meridian, and let E F be the 
parallel on which the sides of nil the triangles are to be projected, h 
D raw tho meridians PAa, P B&, then it is required to determine the 
length of the are a 6 in feet. Lot L = the latitude of the parallel E F, 

/ = the latitude of B, x = the azimuth P A B, N = tho normal at 6, 


and X' = ditto at B: also, let A B measured in feet = D, and in parts of the radius = 8. We have 
then in the spherical triangle APB, sin. P : sin. e 1 1 sin. 8 : ooe. /, aud because P and 9 are small 
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area, sin. P^P 1 P», Bin. 8 =8— £ 8*, very nearly : therefore, making on equation and transposing, 

I* = (8 — £ 3*) — ~7 -f I P*. As a first approximation, wo have P = 8 ; substituting this 

eoa. / cob. / ° 

value of P in the second member of tho last equation, we get 


P = 8 


sin. z p ain. z 
coh. I ^ cos. I 


0 


sin. 2 *\ 
eoa. 2 //' 


M 


I>>t II be the centre of tho circle E F, and let a b measured in feet = p, then p l b H : : measure 
of the angle a II 6 or P : 1 ; p — P x 6 II = P x N cos. L, equation [26j ; also 8 = ~ . Making, 
these substitutions in equation [a], wo get 


N cos. I 
N'cos. 


L . D* sin. z / sin.* z\ \ 

7{ DHn -'- TSTrsii)}' C22] 


By applying this formula to all the sides of the triangles, tho sura of these projections will give the 
required length of the total are. 

We have now to determine tho astronomical diffcrenco of longitude from observation. In the 
Philosophical Transactions for 1824, an account is given of some experiments performed by Dr. 
Tiarks, for determining the differences of longitude of Dover and Falmouth. Twenty-four chro- 
nometers were transported by sea three several times from tho one place to the other, by which 
means tho difference of longitude was determined to bo G" 1 22' G " ; and as the length of the parallel 
found from the survey was 1.474,072 ft., we have the length of a degree of Parallel in latitude 
50- 44' 24", equal to 231.563 ft. The difference of longitude of Marennea ana Padua was deter- 
mined by five signals, at five intermediate stations. The length of the parallel in feet was found, 
from triangulation, to bo 1,010,996 metres, or 3,316,976 English ft., and tho difference of longitude 
was 12° 59' 3"*75. This gives for the mean length of a degree in latitude 45° 43' 12", found from 
the whole are between Marenne* and Padua, 255,470 ft.; the length of the degree found from the 
partial arc between Marennea and Geneva was 255,546 ft. Both thoso resulta ore greater than a 
degree in the same parallel of latitude on a regular spheroid, which most nearly represents the 
meridional arcs ; but no great reliance can bo placed on these numbers, as tho determination of the 
longitudes was attended with considerable difficulty. 

The Figure of the Earth. — If the earth were perfectly fluid, and had no motion of rotation almut 
an axis, it would assume a spherical form ; for in this case there would be no tendency in the fluid 
to run in any direction, and therefore it would bo in a state of equilibrium. But if any portion of 
the surface wore farther removed from the centre than the rest, the pressure arising from the pro- 
tuberant would be greater than that from the lees elevated ports, and therefore the equilibrium 
would be destroyed. 

But sinco the earth revolves on its axis, every particle has a tendency to recede from that axis 
proportional to its distance; consequently its gravity will be diminished, and the columns of fluid 
at toe equator lx?ing composed of parts that are lighter, must be extended in length in order to 
balance the columns in the direction of the axis. It has been proved by Moelaurin and succeeding 
writers, that a mass of homogeneous fluid will be in equilibrium if it be formed into an oblate 
spheroid, such that the polar diameter shall be to tho equatorial diameter as the attraction at the 
equator, diminished by the centrifugal force there, is to the attraction at the pole. And as it appears 
from experiments on the vibration of pendulums tliKt tho centrifugal force is to the force of gravity 
nt the equator as 1 to 289, it may be demonstrated that a homogeneous fluid of tho same mean 

a — b 5 1 1 

density as tho earth would be in equilibrium if the ratio = j -r—- =-^rr , nearly, a being the 

a 4 289 231 

equatorial, and b the polar diameter ; that is, if 6 ! a 1 1 230 ; 231. 

If the fluid mass of tho earth bo supposed not to bo homogeneous, but to be formed of strata 
that increase in density towards its centre, the solid of equilibrium will still bean elliptic spheroid, 
hut less oblate than before. Now, os it appears, from experiments made on the density of tho 
mountain Sehehallien, in Scotland, and also from those of Cavendish, that tho mean density of the 
earth is greater than tho density at the surface, it follows, that if the earth bo a solid of equilibrium, 

tho ratio — y— will bo loss than before, or lew than • 

If the earth were homogeneous, the increase of gravity from tho eqnator to the polo would be Q, 
G being the gravity at the oquator ; and the gravity g, nt any latitude /, would be represented by 
tho equation <7 = G*(l + sin.* 0- But if the density of the earth increase towards thoeentro, tho 

ratio - — - , and tho increase of gravity from tho equator to the pole, divided by tho gravity at the 
equator (7), will no longer bo expressed by the same fraction, but the sum of tho two fractions is 
constant, and equal to twice the value of — , which the spheroid would have if it were 
homogeneous, that is, 


~T~ + 7 = i 2^» 008G3 ’ » nd 9 = G 0 + T *“>•’ 0- [23] 
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This theorem was first given by Clairaut, and is of great importance in determining the flgnro 
of the earth from experiments with the pendulum. 

With respect to the values given to 7, see our article on 3234. 

Gunnehy. We shall now proceed to show how the figure of 
the earth is to bo determined from geodetic operations. Wo 
shall, therefore, first consider the different properties of an 
oblate spheroid, and then eomjairo them with the results 
deduced from observation. 

Let A P a p. Fig. 3234, be an ellipse, which, by its revolu- 
tion a ! m mt its minor axis P p, generates an oblate spheroid, 
let AC=fl, CP = 4. the erretitricity = a r, the ordinate 
MN = y, CN-r, the normal M r = n, M R = N, tho 
rndiua of curvature at M = p, and the latitude of M, or 
the angle Mm = /, Now, tho equation to the ellipse is 
a * y* *4* 6* -r* = ar 6*. 



Also y — n sin. /, and r = ^ xXr = ^a cos. / ; 


a 5 n* sin.* / + - «* cos.* / = a 5 br ; couse* 


quently n = 


And because 6* = a 1 (l — c*), thoreforo 


(•«* cos.* / + 6* sin.* 0 * 

a* cos.* / + 6* sin. 2 / = «*(! — e 3 sin. 5 /) ; 


hence 


x 


- V(1 

a cos. / a (1 

VO - e» sin-’ 0 ’ y “ VO" 


<•») »in. I 
A sin.’ <) ’ 


[24] 

[25] 


N = 


x _ a 

cos. I — */(l — **sin.*/) * 


[26] 


_ S r"- cos. I , 

Cr = —7— — — N e* cos./. 

V(1 — f - sin.’O ’ 

„ a e 5 sin. / .... 

C R = rg = ^ c* sin. I, 

— «**m.*0 

, //I — (2 c 5 — *<)sin.' /\ 

; = V^+Jf* = « V ( !_ ^ ain q ) ’ 

_ «• , _ «(!-«*) 


[27] 

[26] 

[29] 

[30] 


77i c 1 myths of two degrees on the meridian in given Intihules being hnmm from measurement, it is 
required to determine the polar and equatorial d iameters. — Let D, I)*, be the lengths of two degrees in 
feet; I, l\ the latitudes of their middle points; p, p\ the radii of curvature at those points; then, 
since the two arcs are very small compared with their radii, w'e may suppose them to be aroM of 
two circles whose radii are p, p\ without sensible error, lienee 18(4° : 1° : l w p l D ; 

ISO 

p = — D = p D ; and p' — p D', 

W 

180 

[a Ijeing substituted for . Hence, therefore, expanding the value of p t and neglecting higher 
powers of e than the second, we have, from equation [30], 


D _p_«(l J1 0 n [34] 

P p 

D' = - = (1 + 1 <? Bin.* /) : 

M /• 

fi' = = 1 + S ** »>"■’ 1 ~ i e sin.* T ; 

D l+|c*sui.*r 

. 3 _ 2 D-P' _ 2 D - P' [32] 

“ 8 D'fsto.'f-sin.’O _ 3 11' sin. (/ + O «*“•('- O 

If l' 7 0, nr the degree is at tho equator, the length of the degree D' = ^ ^ — - , Hence it 

follows, that the excess of the degrees of the meridian above a degreo of the meridian at the 
equator, is as the square of the sine of latitude. 


I 
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The length of a degree parallel to the equator, and the length of a degree of the meridian, being 
kno trn from measurement, to determine the polar ami equatorial diameters. — Lot A be the length of a 
degree parallel to tho equator, at a place whose latitude = Then the radius of this circle 

x = a [ , equation [25] ; therefore A = - = — — ° < _ - . Expanding this 

*/(l — **sin.*/) H . M M%/(1 — « , «in*/) ® 

expression, and neglecting the powers of e higher than the second, 

a = (i + j t’na’l)- [33] 

From this equation, and equation [31], we can determine the values of e* and a, when D and A 
ore known. 

We shall now give sorno examples of the geodetic measurements which have been executed in 
our own country and in India. They arc part of those which ML Schmidt 1ms selected os the best 
for the purpose of determining tho magnitude and figure of tho earth. With these data he has 

found a = 203216*15 ft., 6 = 20852334 ft. Ellipticity — = • Degree at the equator 

= 362732 ; degree in latitude 45° = 364543*5. 


Na 

Conn try. 

Latitude of 
Middle Point*. 

Arc measurwl 

L-'figth In Feet. 

Length of a 
I*V*rw*. 

Pif- 

frrrnrr. 

1 

India .. 

0 

12 

32 

21 

0 

1 

34 

56*4 

574,368 

362,988 

+ 83 

2 


9 

34 

43 

2 

50 

10-5 

1,029,171 

362,863 

-f 29 

3 


13 

2 

54 

4 

6 

11*3 

1,489.198 

362,873 

- 46 

4 

. . 

16 

34 

42 

2 

57 

21*7 

1,073.409 

363, 125 

+ 96 

5 

„ •• 

19 

34 

34 

3 

2 

35*9 

1,105,499 

363,257 

+ 118 

6 

. . 

22 

36 

32 

3 

1 

19*9 

1,097,320 

363,084 

— 184 

7 

England .. 

51 

25 

18 

1 

36 

200 

586,319 

364,952 

+ 256 

8 

52 

50 

30 

1 

14 

3*4 

450,018 

365,036 

-411 

9 

„ .. .. 

54 

0 

56 

1 

6 

49-7 

406,516 

365,109 

-107 


The last column in this Table is the difference between the length of a degree computed with 
the values of a and 6, given above, and the length of a degree given by measurement These 
differences must be #uppo*M*i to arise either from errors in the observations, or from local irregularity 
of form or density. The most probable source of error is in determining the latitudes ; for an error 
of a single second in the difference of latitude is equivalent to 100 ft. measured on the ground. On 
this account, the largest arcs may be considered the best ; for the probable error is tho same, 
whether the arcs be great or small. 

To these examples we may add the results of four arcs of parallel, measured in different 
countries, And also their errors, compared with the degrees computed from formula [33]. 


No. 

Conntrjr. 

Latitude. 

Measured Degree. 

PI ITerr nee. 

1 

Mouth of the Rhono 

O • M 

43 31 50 

266,315 

+ 1191 

2 

Beachv Head to Dunnose 

50 44 24 

232,331 

+ 789 

3 

Dover to Falmouth 

50 44 24 

231,579 

+ 37 

4 

Padua to Marenues 

45 43 12 

1 255,480 

+ 110 


To determine the length of any arc of the meridian. — Let the arc a M, Fig. 3234, measured from 
tho equator = 9 , then da = »/d j* + rfy*, and if wo differentiate the values of x and y, given in 

a (1 — e t )dl _ 

formula [25], wo shall readily find dt — ^ ^ t /) I = pd/. Expanding this expression, and 

neglecting all powers of e higher than the fourth, we get 

da = ad l (l — e f ) ( + { c* sin.’ / + yd sin. 4 /) ; 

and since sin. 1 1 = 1 (1 — cos. 2 t), sin. 4 / = $ (3 — 4 cos. 2 / + oos. 4 1), this equation becomes 
ds = ad 1(1 — e*) ( A — B cos. 2 I + C cos. 4 /), where 


A = l + ^ + ii^ B = + 

And integrating 

* = a(l — e*)(A/— $ B sin. 2 / + ] C sin. 4 /). [34] 

No constant is necessary, because the equator * and I vanish together. 

The lengths of any tico arcs of the meridian being given from mea.iurement, to determine the polar and 
equatorial diameters . — If I and /’ be the latitudes oif the two extremities of the first arc, and «, s', 
their distances measured from the equator, then we have, from equation [34], 


s = a (1 — **) (A J — $ B sin. 2 / + ] C sin. 4 /), 
»' = a(l - e*) (A r - | Bain. 2/' + iCsin.4/'). 
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Taking tho difference of these equations, and putting * — *' = 8, / — V = A, / + t = L, wo have, 
from Trigonometry. 8 = a (1 — c 2 3 ) (A A — B sin. A cos. L + £ C sin. 2 A cos. 2 L). In like manner 
we have, for the second arc, 

S' = a (1 — c 5 ) (A A' — B sin. A* cos. L' + $ C sin. 2 A' cos. 2 L') ; 

anti since, in these two conations, the values of 8, A. 1^, 8', A*, L', arc all known from observa- 
tion, the quantities a anil e can easily bo found, and tho polar radius f > from the expression 

4 = ^(1 ->■=). 

If 6 = a (1 — a), tho small fraction a is called tho ellipticity of the spheroid. Henco 
a ( l — «) = a J ( 1 — <») = a (1 — J «» — J c'f: 

.*. > ~ + [35] 

If Q be put for the elliptic quadrant, measured from the equator to the pole, wo have / = J * in 
equation [34]; therefore 

Q = i<i(l-«s)A» = i,ra(l -}»*-*;*)• [36] 

If the earth be cut by a vertical plane per/tcndicular to the meridian j the radius of curvature of thin 
section, at the point where it cuts the meridian , is equal to the normal M R, Fig. 3234. — For, since the 
earth is supposed to be a solid of revolution, the direction of gravity always passes through tho 
axis of the earth. If therefore we conceive the plumb line to be carried over an indefinitely small 
arc perpendicular to the meridian, its direction will intersect the axis at the same point R as 
before ; and therefore R is the centre, and M R tho radius of curvature of this arc. The value of 
M R is given in formula [26]. 

To find the radius of the curvature at any place, when the earth is cut by a n ertirtd plane making on 
angle 0 with the meridian.— bet PA p. Fig. 3235, be an oblate spheroid, formed by the revolution of 
the ellipse P A p about its minor axis P p. Let PMA 
be the meridian of tho given place M, MNra any sec- 
tion jmssing through tho normal M r, making an anglo 
0 with the meridian ; then it is required to find tho 
radius of curvature of the section M N m at tho 
point M. 

From any point N in tho are MNm draw N 8 per- 
pendicular to M m, and S Q also perpendicular to M m 
in tho plane P A p. Lot tho plane N 8 Q cut tho plane CL f- 
D N E drawn through N, parallel to the equator in tho 
lino QN. Because MS is perpendicular to 8 N and 

5 Q, it is perpendicular to the plane NSQ, and there- 
fore the piano M A m passing through M 8 is perpen- 
dicular to the plane NSQ. And bccauso the planes 
NSQ, DEN, are perpendicular to tho plane M A m, 
their common intersection Q N is perpendicular to this 
plane ; therefore N Q 8, NQD, are right angles. Let rS = x, 8 N : 

^8rA = QSZ=/, then will 


jm 

P 


A D 




/ Ip'AV 

c 

/r t'V f 


yy 


= y,ZNSQ = AMN = *, 


8 Q = y cos. $, 8 Z = 8 Q cos. Q 8 Z = y cos. 0 cos. I, Q Z = 8 Q sin. Q 8 Z = y cos. 0 sin. /. 
And because DE = DN,wo have from the ellipse 

o*6> = a* . C D 5 + 6* . D E* = a* . CD* + 6* (D Q* + QN*). [«] 


But 


C D = 8 T — 8 Z = r sin. / — y cos. 0 cos. I. 

DQ = Cr-f-rT + TU = c + x cos. / + y cos. 0 sin I. 
QN = y sin. 0. 


Making these substitutions in equation [«], it will be of tho form 

Ax* + Bjry + Ci^ + Dx + Ey+F = 0, 

where 


[37] 


A = a* sin.* / + V cos. 5 /. 

B — — 2 (a* — be) sin. I cos. I cos. 0. 
C = 6 s + (a 5 — 6 s ) cos.* I cos. 1 0, 


D = 2 6* c cos. /. 

E = 2 6*c cos. 0 sin. 1. 
F = — (q* — c*) 6*. 


This is tho equation to the ellipse, and we shall find the radius of curvature from tho expres- 
da* _ dx 

sion p = — — , d u being considered constant. Now, at tho point M, x — «, y = 0, = 0, 

r dPxdy dy 

= — 1 ; therefore p = — jy- . Hence, differentiating equation [37] twice, wc havo 

2 Axli+Bj,ii + Bx + 2Cy + D^ + E = 0, 

dy dy dy 


2 A*^ + 2Ag + B^ + 2B^ + 2C + D^ = 0; 


d y * 


' dy 1 


dy 


d y* 
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ami because'^ = 0. y = 0, « B* - ^ = rVj — p 


20 , 2 A x + D . . 

and p = — ; and since 


2C 


x = M r = 


A = <t f sin.* I + cos. 9 / as a* (1 — e 9 cos. 9 /)» 

a (1 - r 2 ) _ nr* cos. I 


J (1 — c 2 sin.* /) 


6* = a* (1 — r 9 ), c = 


J (1 — c* sin. 9 0 * 


2 Ax+D = 


2 n* (1 - r 9 ) 
V(l-f*«n. 9 0’ 


and C = 6**4- (a 9 — &*) cos. 9 0 cos. 9 / = a 9 (1 — c 9 4- c 9 cos. 2 0 cos. 9 /) ; 

. «(*-/) 


[38] 


sin. 9 / (1 — c 9 + c 9 «is. 9 0 cos. 9 0 

Cor. Because 1 — r 9 + c 9 cos.* 0 cos. 9 / 

= (I — c 9 ) (sin. 9 0 4- cos.* 0") + c 9 cos. 9 0 oos. 9 / 

= (1 — e 9 ) sin. 9 0 + (I — c* sin. 9 /) oos. 9 0, 

We obtain from formula [38], - = ~ — - [(1 — <•*) sin. 9 0 + (1 — c 9 sin. 9 1) cos. 9 0]. 

p a (1 — c*) 

And if r be the radius of curvature of the meridian at the point M, and r' the radius of curvature 
* of a section j>erpcndicular to the meridian, we have 

n(l - f 9 ) , a 


(1 - c 9 sin. 9 0 1 


v o - «* 8in - ? o 


llenoe it follows that 


1 _ sin. 9 0 ^ rm. 9 0 _ r sin. 9 0 4- ene. 9 0 
p r' r r r 


r sin. 2 0 + r' cos. 9 0 ? 


[30] 


an elegant expression, which may be proved by the differential calculus to be true of all surfaces, 
when r and r are the radii of greatest and least curvature of all sections passing through tho 
normal at tho point M. 

To determine the figure of the earth from the vibration of j>endulunu . — This method, which is now 
very generally practised on account of its great facility, may bo thus briefly explained. It appears 
from Mechanics that tho time of vibration of a simple pendulum in a vacuum, when the arcs are 


indefinitely small, is determined by tho equation t =s * . If, therefore, t and L be given, 

the value of g may easily l>c found. Let O represent the force of gravity at tho equator, and g the 
force of gravity in any latitude / ; then wo have from Claimut’s theorem, 


a — b 

~T~ 


+ y 


5 1 

2 * 289 ’ 


and g = O (1 4- y sin. 9 /)■ 


[23] 


Suppose now that a pendulum, of cither of tho forms described, is mode to vibrate, and its vibra- 
tions are compared with those of the pendulum of a clock, as explained in the article PKjniCLra, 
then if n be the number of vibrations which the clock pendulum makes between two successive coin- 
cidences, the experimental pendulum will make *i dk 2 vibrations. I>et r be the rate of the clock in 
seconds, or its gain in twenty-four hours, then the number of vibrations which tho clock makes in 
a day is 24 x 60 X CO + t = 80100 + r. If therefore N 1*> the number of vibrations made by the 
experimental pendulum in a clay, we have, manifestly, n ! tii‘2 I! 86400 4* ▼ l N ; therefore 


N = (86400 + r) = 86100 + t ± 172SOO + 2,1 


[«] 


Let N' bo the number of vibrations which the same pendulum makes in any other latitude f, 
anil g' the force of gravity at this place. Wc have then 


N* _ g _ G (1 4- 7 sin. 9 f) 
N 79 “ g' “ G(1 4 7 sin.* f) 


14-7 (sin . 9 1 — sin. 9 /'), 


nearly, 7 being a very small quantity ; therefore 


N* - N'* 

7= N’(«iD.'/-»in.*0 


[«] 


The value of 7 being determined in this manner from experiment, the ratio of a to 6 will lx* found 
from the first of equations [23]. 

In this investigation several corrections have been omitted which must be taken into considera- 
tion when great accuracy is required. 


Digitized by Google 



GEODESY. 


16C.7 


(1). Correction for the amplitude of the arc of vibration . — In the expression given for the time of 
vibration (see Pendulum^ tho arc is supposed to be indefinitely small. Let t Ihj the observed 
time of vibration, $ tho amplitude qr sciniarc of vibration, and f, tho time of vibration, when tho 

arc is indefinitely small ; then wo have t = » \/— ^1 + = f, ^1 + . Hence if N be the 

observed number of vibrations made in a day, and N, tbc number in an indefinitely small arc, 
<f> N*| = 24 hours = N t, therefore 




+ fa)' 


[42] 


If therefore $ remains nearly constant during the time of observation, the number of vibrations N 
must be multiplied by the quantity I -f $>*. But as the amplitude is continually diminishing 
on account of friction and the resistance of tho air, it is necessary to make an allowance for this 
change. Now it is proved, both by theory and experiment. that the arcs decrease very nearly in 
geometrical progression. Let therefore be tho flint arc, <p‘ the last, and m the number of terms, 
which is always a very large number. Also, let 7 be the ratio of tho square of each arc to tho 
square of the preceding arc ; then tho whole time of vibration will be represented by tho equation 

T = * {» + j 0 (i + 1 ’ + 1 * ■ + 9" -1 )} 

a V ■ « 1-9/ 

I-ct q = 1 — x, then x is a very small quantity, and 

log. (1 — x) = M (— x — $ x* — &c.) = — M x, nearly, 

M being tho modulus in the common system of logarithms ; heneo 


3 V T IB 1 - 9 / 


and since q m - 1 = <£'% wo have 


or, 1 * 


.7 = - 


hg.7 . 

M ’ 


_ log. 9 - UgLlrljaLff = 2 .<i g.-. l-H'*') , neBrly . 

m — 1 m J 


I -7 = 


2 (log, <t> — log. »*) 
M m 


Also, <p 7 (l — 7 "*) = — 7 4 »' 5 = 4* — <P’ 3 , very nearly. 

Making these substitutions in tho expression for T given above, we have 


T - * x/ll f m 4. Mw ** ~ \ 

•j \ 82 log. <p — log. ip') * 


nud therefore the mean time of one vibration is 


t = * y/ - ( 
9 v 


M \ 

+ 32 log. 9 - lo«. f’) ’ 


or t : 


(1 + M \ 

1 v r 32 log. <P — log. <P') 


Hence if be the correction to bo added to the observed number of vibrations N in a day, wo 
manifestly have 

M sin.- 1° 

V '~ 32 log. <p — log. *>' ’ 


[43] 


the arcs <p and being estimated in degrees. 

(2). Correction for temperature . — When a pendulum is made to vibrate at different times, its 
length will vary with the temj>craturc, and therefore tho time of vibration will also vary ; hence it 
is necessary to reduce the number of vibrations to a given standard (02°). Let T lx,* the mean 
height of all the thermometers employed during the ex|ieri»nonts, and e tho rate of expansion of the 
metal for 1° of Fahrenheit, then if L, L', be tho lengths of the peuduhmi at the temperature of 
T°, and G2°, and N, N,, be the corresponding numbers of vibrations in a day, we shall have 
L = L' [i + e (T° — G2°)], and consequently 


N, / L , 

1f= V j> = Vl+*(T- 


(12) = 1 + J e (T° - (12"), nearly. 


Hence if r, be the correction to be added on account of tile increase of temperature, 

,, = i Nc(T° - C2~). [44] 

(3). Correction for the buoyancy of the atmosphere . — When a body moves in a fluid its weight is 
diminished by the weight of an equal bulk of fluid, and therefore the accelerating force is dimi- 
nished iu the same proportion. l<et N be the number of vibrations made in n day in air, N, ditto in 

5 o 2 
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a vacuum ; g the force of gravity tn air, g' <litto in a vacuum; tr the specific gravity of air, S that 
of the pendulum during the experiments ; then 


<= JL =(> 

g b — ir \ 


^ ( 1 + 8 r 7)= 1 + 5 8 ^’ ncsrly - 


Let h lie the height of the barometer, and T the temperature of the air during the experiment* ; 
also let ff‘ be the specific gravity of the air at the temperature of 32°. when the ltammoter stands 
at a given altitude H, and A' the height of the same weight of merenry reduced to the tempera- 
ture T. It appears, then, from hydrostatics that the specific gravity of the air 

P 

= A[1 + ’ 

when p is the pressure on ft unit of surface, a the expansion of air for 1° of temperature, ami ' is 
a constant quantity ; henco + a (p^_3-y ) ’ *’■ A1 ""' if t* ,M ‘ t' 10 cxr*" 8 ™ of merenry 

for r of temperature, V = II [1 + m (T 5 - 32°)]. Substituting this value of V in the proportion 
above, and forming an equation, we get tr = a' g Tf~tO dF ~ 3" ) ' Tcr - f n ” !r,5 '‘ 

According to MM. Arago and Biot, when H = 29-9218, and the temperature is 32 s , i / is equal 
to therefore * , - = -0000217. Ab». a = = 00222, p = -0001, and therefore a + /a = -0023. 


•0000217 , N, , , 

I + 0023 IT — 32)’ X 


Hence £ <r = 

^ = *0013) for «r in the denominator, we shall have, 


•0000217 A 


(P - <r) [1 + *0023 (T 5 - 32°)1 * 
iave, for the correction to be added to N, 


; or if wc pat 


:N 


•0000217 A 

8- 0013 1 + *0023 (T° — 32°) 


[15] 


See Ai-ueiuuio Sir.ss. BiBouETSJt. Distance}. Gbavitt. GrssERT. Ptstm-Lru. ShR- 
yeyino. Thermometer. 
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GERMAN SILVER. Fr., Argcntan; Geb., Xeusilber ; Itai*, Packfemg ; Span., Plata alemana. 

See Alloys. 

GIMBALS. Fr., Bohn tiers du compos ou de la hmpe ; Gkr,, Bigel des Compasses ordm des 
Nochtkauses ; Itau, Snvlo universale ; Span., Afvtmto de suspension. 

A gimhals. Fig. 3236, is a contrivance for securing freo motion in suspension, or for suspending 
anything, as a chronometer, ship’* compass, marine barometer, Ac., so that it may keep a constant 
position, or remain in equilibrium unaffected by the motion of 323 *. 

connected bodies, or by the motion of a shin. It consists of a 
ring. Fig. 3236, within which the suspended body turn* on an 
axis through the diameter, while the ring itself turns on another 
axis at right angles to the first, by means of pivots resting on an 
outer ring or other mean* of snpport. Bee Compass. 

GIN. Fr., Meaty A malcttes; Geb., PferdcgSpel ; Spas., 

Mdnijo. 

A gin is a machine or instrument by which the mechanical 
powers are employed in aid of human strength; especially a 
machine consisting of a tripod formed of poles united at the top, 
one of them being longer than the rest and called thepry-po/c, with a winding pulleys, ropes, Ac., 
for raising or moving heavy weights, lifting ore from mines, hauling cannon, and like purposes. 

A gin is also a machine for separating the Becds from cotton, called hence a cotton gin. 

GIN, Carpentry. Fr., Chetrc; Geb., Ucbezeug ; Itai~, Capra; Span., Gibna de carpinteros, or 
Borriguete. 

Poe Elevator*, Hoists, and Lifts. _ , 

GIN, Cotton Gin. Fr., Machine tgreneuse; Geb., Lgrenirmaschxne ; Ital., bgranatore ; hTAX., 
Mdquina para desmotnr el algodon, 

P<*o Cotton Machinery. Gin. 

GLAND, op a Sttptixo Box. Fr., Chapeau (Pune Mte a e tempts, Couronnc dc fa presse-dloupe ; 
Ger., StopPrichse ; Span, Sombrrrcte de una c aja de cst>ypas. 

A gland is the cover of a stuffing box ; sometimes called a follower. A cross-piece or dutch for 
engaging and disengnging machinery moved by belts or bonds is also called a gland. 
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GLASS FURNACE. Fit., Four de verrcrie ; Geb., GAuo/o^Ital., Vetriera; Span., Homo de 
vidrio. 

See Glass Machinery. 

GLASS MACHINERY. Fil, Machines de t erren e ; Geil, Maschinen zur Anferiijuruj dcs G loses ; 
Ital., Macchine da lacorarc U retro ; SPAN., Maquinnria para la fabrication de ridrio. 

Machinery for the Manufacture of Flute Glass. — G. H. Dnglish, in the P. I. SI. E., 1803, observed 
that within the last ten years the production of plate glass in England has been quadrupled, 
whilst in the same time- the price has been dininianed fully one-half. The present extent of tho 
manufacture iu this country is about 85,000 sq. ft. per week, whilst about 12,000 sq. ft. per week of 
foreign plate glass is imported. The foreign glass has obtained a preference from its superior 
lightness of colour, which arises from the greater purity of the materials that it is made of, 
particularly with regard to the sand, of which the foreign makers have an abundant supply, of 
great purity and light colour. 

Under the influence of competition, the English manufacturers have lately commenced an 
extensive course of experiments with the view of improving the quality of the plate glass made in 
this country, and also reducing the cost of manufacture ; and in some instances very decided 
success has thus for been the result. In order to accomplish these objects, the sand employed at 
the British Plate-Glass Works at Kavenhead, near 8t. Helen's, is now imported from France ; and 
every precaution is adopted to ensure as far as possible the chemical purity of tho other ingredients 
of the glass. Under these altered circumstances the glass now manufactured is equal in every 
respect to the best samples of the French production. 

After the materials have undergone the process of melting in the furnace and aro considered in 
a fit state for casting, tho pot containing the melted mass is taken to the casting table, and its 
contents poured out on one end of the table, in front of a large cast-iron roller ; tho material is then 
spread over the surface of the table by passing the roller over it, tho thickness of the plate of glass 
being regulated by strips of iron placed along each side of the table, on which the ends of the 
roller run. As loon as the plate of glass is sufficiently solidified to bear removal, it is introduced 
into an annealing oven, there to be gradually reduced in temperature or annealed, until it is fit to 
be exposed to the atmosphere without risk of fracture. This process of annealing used formerly to 
occupy upwards of a fortnight, but from tho improved arrangement and construction of tho 
annealing oven it is now completed in four days ; thus three times tho quantity of glass can now 
be annealed in each oven compared with what was formerly considered possible ; and consequently 
a large outlay in building and in space has been Baved, since only one layer of plates can be placed 
in the oven at one time, no method of piling the plates being considered practicable or even safe. 
The chemical difficulties and manipulation in producing the raw material have thus beeu very 
satisfactorily overcome ; but tbe problem of carrying out the necessary improvements in tho 
subsequent mechanical operations has not perhaps been so completely solved. 

The plates of glass when taken from the annealing ovens aro exceedingly irregular, particularly 
on tho surface which has been uppermost in tho process of casting, that surface being undulated or 
wavy after the passage of tho roller over it whilst in a semi-fiuid state ; the lower sido too is affected 
by buy irregularities on the surface 1 of the casting table, and also to some extent by the floor of tho 
annealing oven ; and both sides of tho plates are also covered with a hard skin, semi-opequo. Tho 
plates vary in size, the largest being about 17 ft. long by 9$ ft. wide ; and the thickness varies 
according to the size from jj to $ in. Tho first process to which the plutes arc submitted is that 
of grinding, to take off the hard skin and reduce the surface to a uniform plane, which is performed 
by the application of sand and water. The second process is that of smoothing, which is a 
continuation of tho first process, but performed with emery of seven different degrees of fineness, so 
as to prepare the surface of the glass for the final process of polishing. This lost process is 
effected by the use of oxide of iron era ployed in a moist state. 

The machine iu general use for grinding is that which was originally employed at tho com- 
mencement of the glass manufacture, and is believed to have been designed by James Watt. It is 
known by the name of the fly-frame machine, and is shown* in side elevation and plan in 
Figs. 8237, 3288. It consists of two benches of stone A A, sufficiently large to hold a plato of glass, 
and placed about 12 ft. apart : on these benches the plates of glass are fixed by plaster of l'nris, 
as shown by the black line in Fig. 3237. Each bench has a runner-frnme B made of wood, about 
8 ft. long by 4$ ft. wide, shod on the under-side with plates of iron about 4 in. brood and a in. 
thick, aud provided with a strong wrought-iron stud on the upper side, by which it is moved about 
over the surface of the glass. The geariug for driving these two runner-frames R is placed between 
the two benches, and consists of the square cast-iron fly-frame C, with two fiat bars L> hinged to it 
on opposite sides, extending over each bench A, and suspended from tho roof by long chains, as 
shown by tho dotted lines in Fig. 3237, so as to allow them to radiate freely in every direction ; 
this is called the fly-frame from the peculiar motion given to it, aud each of the niuuer-fmrocs is 
connected to it by the central stud B, Fig. 8287, working loosely in tho slot between tho bars D. 
The fly-frame receives its motion from an upright spindle K, w hich is driven from the main line of 
shafting by a pair of bevel-wheels with a friction clutch for throwing iu aud out of gear. On tho 
top of the spindle E is a wrought-iron arm or crank carrying a movable Btud, which works in a 
bush in the centre of the fly-frame C. Round the centre spindle K ftro also four other spindles F, 
equidistant from tho centre spindle and from one another, each carrying on the top a wrought-iron 
arm or crank with movable stud similnr to the centre one; the.-e studs severally work in bushes at 
each corner of the fly-frame. Hence when motion is given to the centre spindle E, the fly-frame O 
is carried round by the stud on the crank-arm, while its sides are always kept parallel to their 
original position by the four corner cranks F. The two runner-frames B, l*eing connected by 
their central stud to the arms Dof the fly-frame, receive the same circular motion as tiro fly-frame; 
but at tho name time they are left free to revolve round their own centres, which they do in a 
greater or lees degree according to the varying friction of the grinding surfaces. Tho grinding 
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motion being thus obtained, sand and water are constantly applied, until the Rurfnee of tho glass is 
found upon examination to bo free from all defects ; the sand is then washed off the glass, and the 
first stage of the smoothing process is commenced on the same machine by substituting tho coarser 
qualities of emery in place of tho sand. The plate of glass is then removed from the bench, 
turned over, and replaced on the bench, and submitted to the same process ou the other side. Tho 
sliced at which the tly-frnme is driven is ulxiut forty revolutions jn r minute. It will be seen that 
the runner-frame B, Fig. 3238, is not sufficiently large to act upon the entire surface of a large 
plate of glass at one time; it is therefore necessary to divide the operation and shift the position of 
the runner-frame as tho work requires it, by inserting tho centre stud of tho nmucr-framo into a 
different portion of the slot between the fly-frame bars D. 

3237. 




Until tho last few years the principal jiart of the operation of smoothing was effected by manual 
labour, the operation being performed by rubbing two pieces of glass together, and applying 
emery powder lietwocn them, (treat care is requisite as the work approaches completion that no 
scratching shall hike place ; and it is on this account that hand labour is considered absolutely 
necessary for finishing the process, the slightest scratch being immediately felt by a practised hand, 
whilst a single stray particle of grit on a machine would spoil the whole surface before it was 
jierccivcd. About 1857 Crossley introduced a machine for smoothing the plates of glass, 
which so far succeeded that the nicety of the hand touch is only required for the final part of 
tho operation. This smoothing machine, shown in plan in Fig. 3239, is exceedingly simple and 
inexpensive, consisting of a long wooden bar C, connected at one end to a crank E ou an upright 
spindle, and extending over the stone liench A, on which the plate of glass is laid ; two runner- 
f rainrs B of wood are attached to the bar U, and on the under-side of each frame is fixed another 
plate of gloss ; these ore then laid upon the glass on the bench. In this case the runner-frames B 
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are only allowed to partake of the motion Riven to them by the bar, and are not left free to revolve 
round their own centres an in the grinding operation previously described. The centre of tho 
bar C between tho two f 3233 . 

runner-frames is kept in 

position by a radius rod G _/ L7T~' — 

secured to a fixed bracket l[j T-j j j 

on one side of tho bench, at j h*/J A (r _ 

right angles to tho direction II & 7 Lj/ 'L' 

of tho bar. The crank E f / f[j /' X 

being set in motion, tho bar / / 1/ r*“---^X7 fi 

and runner-frames receive a ; r~7 / ® 1 r^l ! (o) 

movement somewhat similar IS/' --/ / / / E ) / 

to tho figure 8, which is very Ljl / /T"" — ^ 1 1 

similar to the motion given q: jf^-j L 

in manual labour. One ad- /AW // - / / / 

vantage of this machine is A \ [/ll 

that two surfaces of glass 1 ^ Jjl I 

are finished at one operation. \ 

The space between tho two 

runner-frames B is found r 1 

very convenient for apply- 1 ® I 

ing tho emery, and also 

ascertaining the progress of the work, without having to stop the machine. 

The machinery used in (ho polishing process remains the Bamo in principle as that originally 
constructed for the purpose. Each machine consists of a strong cast-iron frame H, Figs. 3240, 
3241, about 18 ft. long by 10 ft. wide, containing a series of small rollers, upon which is placed a 


wooden table I, with two racks on the under-side ; suitable gearing is connected to theso racks, to 
give the table a slow alternate lateral motion so as to bring every part of the plate of glass under 
the action of the rubbers B. Tho plates of glass are fixed upon tho table I by plaster of Paris, and 
the ends of the table move between slide-blocks secured to the main frame H. so as to prevent the 
action of the rubbers from displacing it. The rubber-blocks B arc pieces of wood covered with 
felt, and provided with a central spindle and adjustable weights to regulate the amount of friction. 
A number of these blocks are secured to two movable bars D, running on rollers J J at each end 
of the table I, and driveti by a short shaft E, with cranks at the ends set at right angles to each 
other. The rubber-blocks are thus worked transversely to tho motion of the table; and by 
applying the polishing powder in a liquid state tho surface of the glass is gradually brought up to 
the requisite degree of polish, both sides of the plate successively being subjected to the same 
operation. 
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About 1857 experiments wore commenced at tho British Plate-Glaaa Works at Raveuhoad, with 
an entirely different class of machinery for grinding and smoothing plate gloss, with the object of 
increasing the production, reducing the cost, and also completing tno process of smoothing upon 
the same machine on which the glass is ground, so as to obviate the necessity of a separate machine 
for smoothing, and also save the expense and loss of time in removing aud refuting the plates of 
glass. The new grinding and smoothing machino is shown in Figs. 3242, 3243, and consists of a 
revolving table K, 20 ft. diameter, 

fixed u|ion a strong cast-iron 3242> 

spindle L, and rnnning at an [Wl£ 
average speed of twenty-five re- "j 

volutions per minute, driven J 

through an intermediate upright 
shaft M, from the main lino of — « — 
shafting N, by a pair of bevel- 
wheels, and friction cone O for 
throwing in and out of gear. This 
arrangement of gearing for driv- 
ing the table was made by G. H. 

Daglish, and was adopted in order 
to obtain a long spindle L for the 
table, of a length equal to the 
semi-diameter of tho table, and 
at tho some time to keep the 
main line of shafting N continuous, for driv- 
ing a series of tables in one room. Over 
tho top of the table a strong timber bar P is 
fixed, about 10 in. from its surface ; and on 
the two opposite sides of this bar are bolted 
two notched plates of cast iron, Q, one on 
each side of the centre of the table. The 
notches are for receiving the centre studs of 
the runner-frames B, which are very similar 
to those used on the old class of machinery ; 
and tho runners con thus readily be moved 
nearer to or farther from the centre of the 
table, ns circumstances require, by shifting 
tho stud into a different notch. The only 
motion which these runner-frames have is 
round their own centres, and this is given to 
them by the excess of friction on the side 
farthest from the centre of the table over 
that on the sido nearest to tho centre, this 
excess being caused by the greater velocity 
of tho portion of the table farther from tho 
centre. It is evident that the amount of 
grinding action is considerably greeter on 
this machine than upon the old one, both 
from the increased velocity of tho runner- 
frames themselves, and also from tho double 
amount of movement obtained by tho revolution of the table K and the runner-frames B. The 
idea of driving the runner-frames themselves, os well as tho table, was conceived at an early 
stage of the experiments ; but on being put to the test, it was found that tho unaided movement of 
the runner-frumes adapted itself to tho work to be performed far better than any compulsory 
motion could do. It has also the advantage of leaving tho surface of the table free and unen- 
cuml>ered with any machinery, and consequently facilitates the operation of laying and removing 
the plates of glass : the whole of the driving machinery is also covered over, and thus protected 
from the injurious effects of the sand and water thrown off from tho edge of the table in working. 

This machine has been found to answer equally well for smoothing as for grinding; and this is 
perhaps its most successful feature in a commercial and economical point of view. Both these 
processes are now completed on it at tho Ravenhead Gloss Works, tno finishing portion of the 
smoothing operation alouo being effected by manual labour for the reasons before stated. Tho 
plates of glass being generally oblong in form, it was found that tho machine in its original shape. 
Laving a circular table K for carrying the glass, as shown by the dotted circle in Fig. 3243, entailed 
considerable waste in filling up the area of each table for grinding ; and it was then determined to 
alter the shape to that of an unequal -sided r>ctagon, or square with the corners taken off, as shown 
in the plan, Fig. 3243. No difficulty has been experienced in tho process of grinding from this 
alteration in form, whilst tho amount of waste in making up the tables has been considerably 
reduced, and greater facilities are obtained for grinding large plates. The amount of wear aud 
tear on this machine has been found to bo very small in conqiarison with the old machines, owing 
to the small number of working jjarts. tho largo extent of U-aring surface, the smoothness of ths 
motion, and the complete balancing of the tabic. Tho quantity of glass finished upon one of these 
machines a week is from 1200 to 1500 sq. ft., which is about one-third more than the old machines 
are capable of doing, due allowance being made for the difference of area. 

The Itech mic'tl Appliances employed in the Manufacture of Polished Sheet (Hass. — Richard Pilking- 
ton, jum, observed, in tho Proceedings of lust. M. E., 1863, that tho manufacture of British shoot 
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glam was introduced into England about tho your 1832, by Messrs. Chance Brothers, of Birming- 
ham. Since then it has become generally used, having almost superseded crown glass, in conse- 
quence of the comparative case of obtaining tho largo squares at present required for windows, and 
the absence of wave lines by which the vision is so much distorted in crown glass. The average 
size of sheet glass is 40 in. by 30 in., but if required it can be made much larger; whilst with 
crown glass it is almost impossible to procure a square as large ns 34 in. by ‘22 in. Sheet glass, 
when used for windows, has generally a (icculiar up|H nmnre when viewed from the outside of a 
building, on account of the unevenness of its surface, nn eyesore |mrtinlly obviated by the improved 
method of flattening, but entirely removed when tho glass is polished. When polished it is known 
by the name of patent plate, to distinguish it from British plate. This polished sheet plate has 
a decided preference over British plate, being harder and more difficult to scratch, besides taking 
a higher polish ; it is also cheaper. 

The manufacture of polished sheet glass consists of the threo following processes ; — 1st, melting 
and blowing ; 2nd, flattening ; and 3rd, polishing. 

1. Melting and Blotting . — Two furnaces ore required, one for melting tho materials or frit, and 
the other for reheating tho metal whilst blowing it into a cylindrical form. Tho melting fumneo 
is a reverberatory furnace, arranged for maintaining a high temperature with great uniformity and 
freedom from dust nr other impurities arising from the fuel. Tho furnace, an eight-pot one, is 
shown in Figs. 3244, 3245. There arc four gathering holes, or working holes A A on each side 
of tho furmice, as shown in tho side ole- 
vation, Fig. 3245, each of the eight pots 
B having a working hole. Tho tempo- 
rary brickwork C ben oath each working 
hole can bo removed when required, 
cither to turn a pot or whilst fixing a 
new one. A raised bod D extends tho 
entire length of the furnace, upon which 
tho pots areploced on each side of the 
fire-grate. 1710 fire-grato E extends tho 
entire length of tho furnace, with 
the exception of a space of about 4 ft. 
in length, and is fed from each end of 
the furnace. The air is supplied through 
the underground passago F, entering 
from the open air; and by moans of 
closely-fitting doors the draught is re- 
gulated with great nicety. 

Formerly it was considered neces- 
sary to use stone for the melting fur- 
naces, but at the present time large 
bricks made of best fire-clay hove a de- 
cided preference. Those fire-bricks vary 
in weight from a few lbs. to several 
cwts. ; they are all made in moulds, 
dried, partially burnt, accurately 
dressed to templates, ami built 
into the furnace, tho whole being 
firmly secured by cast and 
wrought iron binders, as shown 
in Figs. 3244, 3245. A small fire 
is lighted upon the fire-grate, and 
gradually increased, first to dry 
the furnace, and afterwards to 
bake it. Great care and attention 
are given to this operation, for 
upon it depends tho duration of 
tno furnace. After being baked 
the furnace receives its number 
of pots, generally four or five on 
each side of tho fire-grate, in all 
eight or ten pots. The manufacture of these pots is a matter of sj>ccial importance, and they are 
made of tho very best Stourbridge fire-clay, which, when thoroughly tempered, is formed into 
soils of al »out 1 lb. weight each, and worked Inver upon layer into a solid mass, free from cavities 
containing air. and making a pot of about 4 ft. height inside, 5 ft. diameter nt top, and about 4J ft. 
diameter at bottom inside, weighing when dried about 25 cwt., and containing about 22 cwt. of 
melted metal. Great care is requisite to prevent any particles of foreign matter or dirt from getting 
into the clay ; for if that were to happen, tho pot would not lust its time, but would most likely 
give way when first heated to the working temperature. After being made, a |»ot remains in tho 
same room for a year, the temperature being maintained nt 60° Fahr., and it is then removed to a 
wanner room, where it remains in a temperature of 90° until it is wanted. When required for use, 
it is taken to the pot-nrch to bo baked, where the hint is gradually increased to that of the melting 
furnace, to which it is conveyed whilst red hot. ns quickly ns possible, by means of n carriage or a 
crowbar on wheels, ami placed on one side of the fire-grate. This operation is repeated until all 
the pots are fixed in tho melting furnace. . The furnace cuds are now closed, with the exception of 
the fire-hole at each cud. A small portion of cullet, or broken gloss, is put into each pot, nud 
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when molted is ladled so ns to run down over the interior surface of each pot, after which the heat 
is increased for a short time. The pots are thereby glazed, and ore now ready to receive the 
material to lie melted. 

The quantity of row material, or frit, allotted to each pot is filled into it in throe or four 
charges, allowing a sufficient interval of time to elapse between each charge to ensure the previous 
one being melted. About sixteen hours of intense heat aro required to melt the entire quantity, 
during which time the fluid metal boils violently, and before it can lie worked requires cooling, 
which takes about eight hours. Whilst cooling, the small bubbles of air arising from the boiling 
of the metal ascend and pass away, leaving the metal clear, excepting tho surface, which is coated 
with imparities from tho frit, from tho roof of tho furnace, and from the dust of the fuel, all of 
which must be removed before commencing work. Inside each pot, and floating upon the surface 
of the metal, is an annular ring, made of fire-clay, 2 in. thick, having an internal diameter of 18 in. ; 
this inner space of 18 in. diameter is cleaned, instead of tho entire surface of the metal, thereby 
saving both time and material. Tho cleaning or skimming is jierfonnod by means of a light iron 
rod, chisel pointed, which being warmed tho metal adheres to it ; and this process is repeated 
whenever any impurities are perceived upon the surface of tho metal. The surface of tho melted 
metal being cleaned, tho workman dips Into it tho blow-pipe, Fig. 3246, having previously warmed 
the nose end of the pipe. Withdrawing 2 or 3 lbs. of the metal, he allows it to cool to a dull red, 
and then dips the pipe again : collecting by degrees in this way, as shown in Fig. 3247, a sufficient 
quantity to produce a given-sized sheet of glass, which on the average would weigh nlxiut 20 lbs. 
Then, whilo cooling the pipe ho continually turns it round, drawing it towards himself, and in so 
doing forces the metal beyond the nose end of the pipe by means of the forked rest in which tho 
pipo revolves, as shown in Fig. 3248, leaving as little metal ns possible upon the pipe. The blower 
now toko* the pipe, and places tho red-hot mass in a hollowed wooden block upon tho ground. 
Fig. 3249, keeping the pipo in a horizontal position whilst revolving it, thereby producing a solid 



cylindrical mass of metal. During this process his assistant allows a fine stream of cold water to 
run into the block from a sponge, keeping the wood from being burnt, aud giving a brilliant surface 
to the glass. He next raises the pipo to an angle of about 75°, and blows until he hns produced a 
hollow pear-shaped mass, Fig. 8250, with its largest diameter the tame as that of the finished 
cylinder. During this operation his assistant keeps the block wet, nud a second block is generally 
used when commencing tho blowing. The glass now inquires reheating, which is done at a furnace 
built of ordinary brickwork in an oblong form, its dimensions being determined by the number of 
blowers intended to work at it, generally four, five, or six at each side. The ground at each side of this 
fumac© is excavated to a depth of abont 7 ft, ft width of about 1C ft., and the some length as the 
furnace ; and over each of these spaces four, five, or six wooden stages are erected, at distances of 
about 2 ft. apart. Having reheated the glass, the blower repeatedly blows to maintain the cylinder 
of equal diameter throughout, whilst lengthening it by swinging it backward und forwards in 
the 2-ft. sjince, and occasionally swinging it round over bis head, until a cylindrical piece of glass 
is produced, Fig. 3251, about 11 in. diameter and about 50 in. long, closed ut one end, and having 
the blow-pij>o attached to the other end. The blower first ojiens the closed end as follows : enclosing 
as much air as possible within the cylinder, and stopping the mouthpiece of the pipe with his hand, 
he exposes tho end of the cylinder to the heat of tho furnace, wliicn, whilst softening tho glass at 
tho end, expands tho contained air to such an extent that a small hole is burst in tho glass, os iu 
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Fig. 3252. This hole i a flashed open by revolving the pipe quickly, and when flashed the end of 
the cylinder is withdrawn out of the furnace; ami by keeping tho pipe in a vertical position for a 
few seconds, tho metal cools sufficiently to keep its slm|*o. The cylinder is then placed upon 
a wooden trestle, and by touching with a piece of cold iron the jiear-shniJed neck near the pipo-noso 
at G in Fig. 3252, a crack is formed, which is continued round tho neck by gently striking tho 
blow-pipe, and thus tho pipe is released, as seen in Fig. 3253. Tho cylinder lias now one end of 
full diameter, but the other is contracted to aliout 3 in. diameter, Fig. 3253, and must therefore bo 
cut ofl'. This is accomplished ns follows Tho cylinder having become cold whilst remaining on 
the trestle, the work ma n collects a small |>ortion of metal upon the end of an iron rod, and draws it 
into a thread of glass about | in. diameter by means of a pair of pincers. This thread he passes 
round tho body of the cylinder at II H, in Fig. 3253, and after it has remained on a few moments 
the pincers dipped in cold water are applied to the heated part, and the sudden contraction causes 
the end to fly off with a sharp report, leaving tho cylinder about 45 in. long and 1 1 in. diameter. 



2. Flattening . — To produce a flat sheet of glass from tho cylinder thus obtained forms the second 
process of the manufacture. The flattening is accomplished as follows; — Tho end of tho cylinder 
that was flashed being slightly contracted in diameter, and the thickness of metal much reduced, it 
is first necessary to cut off about 2 in. length from that end. For this purpose tho cylinder is sup- 
ported in a vertical position by means of a cradle, as shown in Fig. 3254, over a small horizontal 
table ; tho bottom odgo of the cylinder is introduced between the jaws of tin* small cutting instru- 
ment I, and tho movable jaw carrying the cutting diamond is pressed by a spring against tho 
interior surface of tho cylinder; then by gently pushing tho instrument forwards round tho 
cylinder, allowing it to run freely upon its wheels, the end of tho cylinder is cut off perfectly true. 
The cylinder then requires splitting longitudinally, which is accomplished by placing it in a hori- 
zontal position in a wooden cradle, as shown in Fig. 3255, and a diamond fixed in the cleft of a 
stick at J is drawn along inside the cylinder from end to end, guided by the straight-edge K, a 
gentle pressure being exerted on the grass in opposite directions, at the diamond cut, to complete 
the splitting. 

The cylinder is now tAken to the flattening kiln. Fig. 325(5, whicli consists of two furnaces built 
together, the first, L, for flattening, aud the other, M, for annealing, the former being maintained 


3256. 



at a much higher temperature than the latter. A portion of tho bottom of the flattening kiln L, 
slightly larger than the largest sheet of glass to he flattened, is supported upon n carriage N, which 
with the flattened sheet is made to travel into the annealing kiln M, this plan being a very groat 
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improvement over the old method of poshing the flattened sheet whilst In a soft state. The mov- 
able bed N is either of clay or stone, and by careful work in made as true as possible ; upon this a 
sheet of glass is first flattened and left there to flatten others upon, in order to obtain sheet glass 
with as true a surface ns possible. The split cylinder to be flattened is gradually introduced into 
the flattening kiln, being placed first at O and then at P, and when sufficiently wormed is placed 
Upon the glass bod N, with its split side uppermost ; the heat soon softens it, so that with a slight 
assistance from the workman it lies down nearly flat on the bed X, and the sheet is afterwords 
carefully rubbed as flat as possible with a piece of wood fixed to the end of an iron rod. The 
movable bed X is now pushed forwards into the annealing kiln M, as shown by tho dotted lines, 
and after placing another cylinder to warm at O ami P, the workman removes the flattened sheet 
from the carriage X by means of a tool like a fork, and places it upon a prepared part of the floor 
of the annealing kiln M, to stiffen previous to piling it. The carriage X is now returned to tho 
flattening kiln L, and the flattening operation repeated till the carriage ngain appears in the an- 
nealing kiln M. The previously-flattened sheet is first piled on its end against one side of tho 
kiln at R, and then the last flattened sheet is removed off tho carriage N, and left to cool on tho 
fhior of the annealing kiln, like the previous sheet. This flattening process is continued until 
tho annealing kiln M is filled, when it is closed up, and allowed to cool, generally from twenty- 
four to thirty-six hours, the time being regulated by the thickness of the glass. On the comple- 
tion of the cooling, the kiln M is opened, and the sheets of glass are taken to the warehouse, where 
they aro sorted to suit various purposes, a very large portion being pocked aud sent away without 
undergoing any further process. 

3. Polishing . — The sheets intended to be polished are now selected, and pass through tho third 
process of the manufacture to produce polished sheet plate. Two processes ure necessary for this 
purpose, smoothing and polishing. 

Smoothing consists in working two sheets of glass one upon the other, by hand, with emery and 
water between them; and as their surfaces become obscured, finer and finer emery is used until the 
surfaces are smoothed free from all defects. The apparatus used consists of a wooden bench, one 
half of which is G in. higher than the other; upon the former is placed a slab of elate al*>ut 11 in. 
thick, larger than the sheet of glass, having as true a surface as possible. Upon this slab a sheet 
of glass is laid, with a piece of wet calico between tho surfaces of the gloss and the slab ; by exert- 
ing a gentle pressure upon the glass the air is expelled from between them, and tho sheet of glass 
is consequently held down upon the slob by the whole atmospheric pressure upon its surface, which 
holds it so firmly that when the sheets have to be raised from the slab many are broken, even by 
experienced workmen. The wet calico is used in this case instead of plaster of Paris for bedding 
the sheet of glass upon the table. In consequence of the close adhesion caused by the atmospheric 
pressure when the surfaces of the two sheets of glass get so true ns to become closely in contact, it 
is impossible to work two large sheets one upon the other with the finest emeries, and it therefore 
becomes necessary to |ierfonn the latter portion of the rubbing process with a small piece of glass, 
say about 10 in. by 5 in., until the process is completed. Both sides of the sheet of glass having 
been smoothed in this manner, and after a careful examination found free from defect, the sheet is 
then handed over to the polishing machine. 

Tho perfection of the smoothing process is entirely dependent upon tho purity of the emery, 
and the perfect uniformity of tho grain in each successive quantity employed ; and consequently a 
very perfect process of cleansing and sorting the emery is requisite. The ordinary ground emery 
contains, besides numerous degrees of fineness of grain, many impurities, which must be removed, 
and the good emery must also be accurately sorted into portions varying in size of grain from 
coarse to the finest. For every degree of fineness a separating vessel or cylinder is required ; and 
taking No. 1 as the coarsest quality, that cylinder is made the smallest in the series. No. 2 cylinder 
about twice the ca}>acity of No. 1, and No. 3 twice the cajiocity of No. 2 ; and so on throughout the 
required number of cylinders. The emery-sorting apparatus is shown in Fig. 3257, and consists of 
the required munlicr of cylinders, fixed so that No. 1 cylinder is about 8 in. higher than No. 2, and 
No. 2 the same height above No. 3, and ao on. The cylinders are made of copper, and inside each 
is fixed a copper funnel 8, long enough to reach within 3 or 4 in. of the bottom of the cylinder; and 
in the bottom of the cylinder is a hole closed by a wooden plug, or a valve T, of about 3 or 4 iu. 
diameter, which is held up bv the rod and spriug balance U. The action of tho apparatus is as 
follows ; — A supply of water being maintained by the cistern V, a constant stream is delivered by 
means of the tap W into the funnel of No. 1 cylinder; the water descends through this funnel to 
the bottom, and ascends through the annular apace to the top of the cylinder, whence it is conveyed 
by the spout X and poured down the funnel of No. 2 cylinder, ascending in the annular space of 
No. 2, and passing by the spout to No. 3 funnel ; this is repeated as often as there are cylinders, 
and from the last and largest cylinder the overflow is carried to a drain. When the stream of 
water is running through all the cylinders, and also passing away at the overflow, the powdered 
emery to Ik* cleansed and sorted is sprinkled into the funnel of No. 1 cylinder, and this is continued 
until enough has been fed to HU up to within £ in. of the bottom of the funnel. No. 1 being tho 
smallest cylinder, the current of water through it will be the fastest, and the grains of emery left 
behind in this cylinder will consequently be the coarsest. The feeding of the emery is then 
stopped for a short time, and the stream allowed to continue until the water is running quite clear 
into the funnel of No. 2 cylinder. The valve T at the bottom of No. 1 cylinder is now opened, 
allowing tho emery ami water to fall into a vessel placed Lcmath to receive it ; and ns soon as tho 
stream of water is again running through all the cylinders and passing away at the overflow, more 
ornery is again sprinkled into No. 1 funnel. The succeeding cylinders ore emptied in the same 
way, as they respectively become filled with the finer .-orta of emery. The beauty of this process is 
the simplicity of apparatus required, and the certainty of always obtaining an exact repetition of 
the several degrees of fineness in the respective cylinders. It wiil be observed that, in consequence 
of tho cylinders increasing successively in capacity, the current of water ascending in the anuular 
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spaces decreases in velocity in the same proportion ; consequently, tho emery deposited in each 
successive cylinder increases in fineness over that deposited in the previous one. 


The polishing benches havo two bare carrying the polishing blocks, and working lengthways 
backwards and forwards over the table on which the sheet of gloss is laid, which is made to travel 
alternately from side to side, transversely to the bars. The polishing blocks are worked at about 
sixty double strokes per minute, and the bore carrying them are supported upon rollers at a height 
of U or 8 in. above the table. The moving table is worked similarly to the table of a planing 
machine, moving one way quicker than the other by a reversing motion similar to that of a planing- 
machine bed. It is generally considered that to obtain a good polished surface the polishing blocks 
should not pass twice in succession over the same surface. IJpon tho moving table are fattened 
slabs made of a wooden frame covered with slates, upon which the sheets of glass to be polished 
ore bedded in plaster of Paris. After one side lias been polished, the gloss is taken up and relaid, 
and the other side polished. The polishing blocks arc about 5 in. square, covered with felt, and 
weighted with about 84 lbs. each. Tho red liquor used in polishing is red oxide of iron, obtained 
by burning sulphate of iron in a reverberatory furnace to a dark red when cold, and it is then 
ground in water to the finest grain possible. Tho cutting grain of this material is about tho hardest 
and finest that can be produced, and well worth examination by the microscope. 

The appellation of < /lass is given to hard substances endowed with a certain degree of trans- 
parency, and presenting a peculiar kind of fracture called ci/rcous. In this point of view, many 
fusible substances which, on cooling, do not crystallize easily, such as phosphoric and Ijoracic acids, 
should bo classed among the glasses ; but in common parlance the name glass is exclusively applied 
to double transparent silicates, which are worked when hot by blowing, and which are unchange- 
able in water. Glass is generally composed of a double silicato of lime and potassa or soda. In 
many kinds, as in bottle glass, the alkaline silicates are partly replaced by very fusible metallic 
silicates, such as the silicates of iron; in some, oxide of lead is also substituted for tho lime. This 
last kind bears the name of crystal. 

Before treating of the properties and composition of the various kinds of glass uged in the arts, 
it is necessary to examine, more in detail than we havo hitherto done, the properties of the simple 
silicates which enter into its composition. 

Alkaline Silicates . — The only silicates used in the manufacture of glass are the silicates of potassa 
and soda, the most fusible of all the silicates; their degrees of fusibility greatly varying, however, 
with the proportion of tho base. In order to express clearly the composition of the simple or multiple 
silicates, the ratio existing between the oxygen of the silicic acid and that of the united bases is 
generally indicated, as well as the proportion of the quantities of oxygen contained in tho several 
buses. If silicic acid is fused w ith two or three times its weight of (totussa or soda, a substance is 
obtained apparently homogeneous, melting at a red heat, and completely soluble in cold water. 
Silex, fused with an equal weight of potassa or soda, also produces a homogeneous substance, 
readily fusible, but no longer completely soluble in water. As tho projjortion of alkali diminishes, 
tho vitreous mass becomes more difficult of fusion : an alkaline silicate, in which the oxygen of tho 
alkali is to that of the silicic acid as 1 : 18, fuses only at the highest temperature of a forge-fire. 

Soluble glass is a vitreous product obtained by melting together, in an earthen crucible, 15 parts 
of sand, 10 of carbonate of potassa, and 1 of cluurcoal. This substance, treated with cold water, 
parts only with tho foreign salts which were mixed with the carbonate of potassa, but is itself com- 
pletely dissolved iu four or five times its weight of 1*>iling water. It has men proposed to use this 
substance to render cloth, and particularly theatrical decorations, incombustible. In Germany, 
this combination, known by the name of uxuscrglas, a large manufactory of which is at Prague, is 
extensively employed for rendering especially tho wooden work of buildings incombustible, und 
protecting them at the same time from decomposition (rotting). In England it is used for the 
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samo purpose, made up with various pigments, as silica colours. It probably would also make an 
excellent artificial marble, capable of being moulded into architectural ornaments, or spread as a 
plaster on wnlls, when made up with proper proportions of porcelain clay, or, j»erliapa, even chalk 
or plaster of Paris, with a slight admixture of borax. It was first obtained by Fuchs, at Munich. 
In fact, if a coat of this solution be applied to any stuff, it remains covered, after drying, with a 
transparent and fusible varnish, which preserves it from the air ; and it burns with difficulty, 
Ixwause the silicate prevents the access of the air. The stuff merely carlxtnizes, and does not 
favour the progress of the fire, ns would bo the case if itB surface were free. Many fusible and 
tion-effioresrent salts, among which are tho phosphate and lxirate of ammonia, would produce the 
same effect The silicates of potnssa and soda are distinguished by tho property of not crystallizing 
on cooling after fusion, owing to their passing from tho state of perfect liquidity to that of a solid, 
not suddenly, but through all tho intermediate doughy conditions. This property accompanies the 
alkaline silicates in their combination with the other metallic silicates, and is very important, ns it 
facilitates tho working of these multiple silicates by blowing; and, moreover, the substanco retains 
its transparency after cooling. 

Silicates of Lime. — The silicates of lime melt at only very high temperatures. The most fusible 
compound is that resulting from the union of silicic acid with lime, in such proportions that tho 
oxygen of tho lime is to that of tho silicic acid as 1 : 3 ; this silicate melts in a strong forge-fire, 
and becomes crystalline on cooling. Tho silicates of lime, having a ratio of 1 l 4 or 1 : 1 between 
tho oxygen of the base and that of tho acid, do not fuso completely, only softening in the highest 
heat that can bo produced in a forge-fire. 

Silicates of Magnesia. — The silicates of magnesia aro as difficult of fusion as those of lime. Tho 
most fusible is that of which tho formal* is MgO, 8iO, ; it melts in a strong forge-fire. 

Silicates of Alumina. — The silicates of alumina are still more infusible than those of lime and 
magnesia. 'The silicate Al s O„38iO„ which appears the most fusible, merely softens in a forge-fire. 
All these silicates melt easily in tho oxyhydrogen blow-pipe ; for we know that alumina and silcx 
melt separately in tho powerful heat produced by this apparatus. 

Silictitcs of the Protoxide of /iron and Manganese. — These silicates, which enter into the composi- 
tion of some kinds of glass, melt much more readily than the silicates of the earths and those of 
tho alkaline earths. The silicates FeO.SiO, and MnO.SiO, may be melted in the common fur- 
naces of our lalwratorios ; they all crystallize easily by slow cooling. 

Silicates of Lead.—' The silicates of lead are fusible in proportion to the quantity of oxide of lead 
they contain ; that showing the composition PbO, 8iO. melts at a strong red-heat. Tho silicates 
of load crystallize with difficulty ; the cooling must take place very slowly, in order to obtain any 
indices of crystallization in the mass. 

Multiple Silicates , formed by the Alkalies, the Alkaline Earths, the Earths , and Metallic Oxides . — 
Several multiple silicates, in the form of beautiful crystals, are found in nature. We know that 
feldspar is a double silicate of alumina and potassa, of the formula KO, 8iO, -f Al^O,, 38iO,. This 
mineral meltB in a forge-fire, and does not crystallize during the very slow cooling of a porcelain 
furnace; but crystals of this compound have been found in the fissures of iron blast-furnaces, 
showing the some form as those of native feldspar. When tho alkaline silicates are melted with 
other metallic silicates, vitreous substances are generally obtained after cooling, which appear 
homogeneous, and crystallize only when tho cooling is extremely slow. But it is difficult to decide 
whether these substances are formed by a homogeneous chemical combination, or whether they 
merely result from a solution of various silicates in each other ; a solution which has set in mass, 
without crystallizing during the process of cooling. The temperature at which a multiple silicate 
fuses is almost always below tho medium temperature of fusion of tho various simple silicates 
which compose it ; sometimes it is even below that of the most fusible silicate entering into the 
combination. Thus, the simple silicates of alumina and lime are nearly infusible in our forge-fires, 
but they form, when combined, double silicates which readily melt in these fires. By adding to a 
silicate which crystallizes easily on cooling one which has not this tendency, for example, an alka- 
line silicate, double silicates are obtained, which crystallize with great difficulty, and preserve their 
vitreous appearance after cooling. Thus, tho double silicates of potassa or soda, combined with 
those of lime or oxide of iron, do not crystallize after fusion. Silicate of alumina likewise opposes 
the crystallization of the multiple silicates into which it enters, although less effectually than the 
alkaline silicates. The silicates of potassa and soda lose hy volatilization a largo proportion of 
their bases. Thus, it may be explained how the multiple silicates containing alkaline silicates 
become less and less fusible as these are allowed to remain for a longer time in furnaces at a very 
high temperature, and acquire, with time, tho property of crystallizing by slow cooling, at the same 
time losing their vitreous appearance. 

Wo have seen that the alkaline silicates which contain a large proportion of alkali ore soluble 
in water. When they contain more silcx, they are not attacked by this fluid, but they may be by 
powerful acids ; but when they aro still richer in silex, even acids do not affect them. The silicates 
of lime, alumina, and oxide of lead arc attacked hy acids when they contain a large proportion of 
Lose, but they are intangible when rich in silex. Fluohydric acid, however, decomposes every 
silicate, whatever proportion of silicic acid it may contain, for it attacks quartz itself. By com- 
bining the alkaline silicates with silicate of lime, doublo silicates arc obtained sufficiently fusible 
to bo worked by blowing, and nevertheless containing enough silicic acid to resist the action of 
acids. 

Wo Bhall divide the various kinds of glass into three grand classes ; — 

1st. Common colourless gloss, which is a double silicate of lime ami potassa or soda. 

2nd. Common coloured glass, or bottle glass, a multiple silicate of lime, oxide of iron, alumina, 
and potassa or soda. 

3rd. Crystal, which is a double silicate of potassa and oxide of lead. 

1st. Colourless Glass, — Common colourless or white glass, which is used for making tumblers, 
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window glass, and looking-glasses, is a double silicate of lime and potassa or soda, either of these 
being preferred according to its price. Carbonate of soda being much cheaper in Franco than 
carbonate of iiotnasn, ia almost exclusively employed in the manufacture of white gloaa ; in Germany 
and the north of Europe tho potassa, being cheaper, ia preferred. The aeloction of these bases ia 
not a matter of indifference. Soda yields a more fusible anti easily-worked glass, but it is always 
more or less coloured by a greenish-yellow tinge, not perceptible when the glass is very thin, but 
very decided when it ia thicker, as, for example, in a window-pane. 

The most beautiful glass having a base of potaaaa and lime is the Bohemian. This glass, made 
with tho utmost care from choice materials, ia remarkable for its lightness, its brilliant trans- 
parency, and permanency. The ratio between the oxygen of the silicic acid and that of tho bases 
is as 4 1 1, sometimes rising to 6 *. 1 ; tho oxvgcn of the liiuo is to that of the potaaaa as 1 ! | in tho 
moat esteemed tumbler-glass of Bohemia. This proportion ia as 1 l 1 in the glass used for mirrors, 
in which great fusibility is required. The proportion of silex is increased in order to make hard 
and infusible glass ; in this way the Bohomian glass tubes for chemical purposes are made, as they 
are much less fusible than tho French glass, and therefore preferable for organic analysis. Tho 
silex used in Bohemia is tho hyalin quartz of the old rooks, found in the form of large pebbles in 
tho fields or the beds of the mountain streams. This Quartz is heated to a strong red-heat in a 
reverberatory furnace, and then thrown into cold water, liy which it becomes very friable, and is 
then, without difficulty, finely powdered by stampers, or ground by edge-stones. The carbonate of 
potassa used in tho manufacture of Bohomian glass ia tho refined carbonate ; nevertheless, this salt 
is never pure, some carbonate of soda always being mixed with it. The erode potashes are carefnlly 
selected and refined by solution : the crude potash, on being treated with one-half its weight of 
water, leaves tho foreign suits, as well as a considerable quantity of carbonate of potassa, os a 
residue. Tho solution yields, when evaporated, potaaaa for tho manufacture of first-quality glass, 
while the remainder serves for that of an inferior quality. The lime iB obtained by subjecting a 
very pure and often perfectly white sacchoroid carbonate of limo to calcination in a reverberatory 
furnace. 

When these materials, however carefully they may havo boon selected, contain a small quantity of 
protoxide of iron, a greenish tinge, which greatly lessens its commercial value, is imparted to the 
glass. This discoloration is remarkably destroyed by adding to tho mixture a small quantity of 
peroxide of manganese. Tho protoxide of iron imparts a deep green colour to glass, when present 
in any quantity ; but, if converted into a seaquioxido, it give* a scarcely perceptible yellow tinge. 
Sesquioxide of manganese colours the gloss violet; but a corresponding quantity of protoxide 
scarcely produce* a sensible change. If, therefore, to a mixture to which protoxide of iron would 
give a high colour, a quantity of peroxide of manganese sufficient to transform the protoxido of iron 
into a sesquioxidc, by passing itself into the state of a protoxide of manganese, is added, a nearly 
white glass is obtained ; for tho colour it then has is due only to the seaquioxido of iron, which 
produces a scarcely perceptible yellow tinge, the protoxido of manganese effecting no colouring at 
all. But it is important not to uso an excess of peroxide of manganese, because the gloss would 
have a violet shade, owing to tho formation of sesquioxido of manganese. Peroxide of manganese, 
on account of this special use, is called tho gktn mahr’s soap. Frequently, also, a small quantity of 
nrsenious acid is added to the mixture ; as this acid is completely volatilized during the melting 
of the glass, none of it remains in the objects manufactured : its object is merely to rendor tho 
mixture more homogeneous, or to facilitate the rrjiniwj of the glass. By volatilizing at n high tera- 
)>emture, it forms bubbles of gas, which, on traversing the fiuid mass, mix its several particles 
together, and precipitate tho solid material scattered through it. 

The fuel used in Bohemia is a resinous wood, burning with a bright flame, and causing a very 
rapid fusion. The air of the furnace being always oxiaizing, no alteration of the glass need bo 
feared by the carbonaceous dust or other particleiPcoiitained iu the smoke. An admixture of carbon 
would considerably injure the quality of the glass, and discolour it ; but when it exists in small 
quantity, the gloss assumes a beautiful yellow colour. These coloured glasses arc often mode 
expressly. When it is present in somewhat greater quantity, the glass assumes a purple-red colour. 
Peroxide of manganese opposes also this discoloration of glass by carbon, an accident which 
frequently happens when the furnace has no proper draught. In some glass-houses, it is prevented 
by tho addition of a small quantity of nitrate of potassa. 

A white gloss of first quality is made by melting together 110 ports of pulverized quartz, 64 
parts of refined carbonate of (Kitossa, and 24 parts of caustic lime. 

In other glass factories in Bohemia beautiful tumbler-glass is made of a mixture of 120 parts of 
pulverized quartz, 60 i»arts of refined carbonate of potassa, 25 parts of caustic lime, £ part 
of arson ions acid, 2 parts of poroxide of manganese, and 2 ports of nitre. 

First-quality white glass is made in Franco of white quartzosc sand, artificial soda, quicklime, 
and a certain proportion of fragments of glass : iu this glass the ratio of tho oxygen of the silicio 
acid to that of the united bases is ordinarily as 4 : l. This composition gives an easily fnsible but 
slightly tender glass. Whon a harder glass is desired, the projiortion of silicic acid is increased. 
A fine sand, as white os possible, is selected, and sometimes made more friable by heating it to 
redness, and throwing it in that state into cold water. The sands from Anmont, near Senlis, from 
Ktampcs and Fontainebleau, are highly esteemed, and are exclusively used in the glass factories in 
the environs of Paris. Tho lime is obtained from a limestone as pure as possible, and previously 
calcined in an oven to drive off the carbonic acid ; it is then exposed to tho air, and falls to dust. 
It is sometimes used in the stato of carl>onato of lime, finely powderc*!. Very white chalk, as that 
from Bougival, near Paris, is perfectly adopted to this purpose. For first-quality white glass, tho 
carbonate of soda obtained in the manufacture of artificial soda is used. For the inferior qualities, 
sulphate of soda, which is cheaper than the carbonate, is substituted ; but as tho sulphate of soda 
is decomposed by silicic acid only at a very high tem|)orature, at which the crucibles would soon bo 
destroyeu, a certain quantity of charcoal is added ; this facilitates its decomposition, by abstracting 
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a portion of the oxygen from tho sulphuric acid, thus causing it to pass into the state of sulphurous 
acid, for which the affinity of soda is much more feeble. One part of charcoal is generally mixed 
with 12 or 14 of sulphate of Boda. 

The materials, intimately mixed, undergo a preliminary calcination called frit , before being 
placed in tho melting pots, intended to oomraonco the combination, and at the same time to allow 
the substance to be introduced into the melting |H>ts Already heated to redness. The breaking of 
the |iots by sudden cooling is thus avoided, and the fusion is more rapid. 

Figs. 3258, 3259, represent a glass furnace for tho manufacture of window glass. Fig. 3259 
gives a horizontal section mado at tho height of the line A B of Fig. 3258 ; Fig. 3258 represents a 
vertical section of the oven, in the direction of tho lino C D of Fig. 3259. The oven is composed 

3248. 



of an arched space M, in tho middle of which is fhe grato G above the ash-hole. On each side of 
the grate aro two shelves F, of strong mason-work, on which the pots 1 1 are placed ; tho pots ore 
introduced through several doors in tho upright wall of tho oven, which are subsequently closed 
up with bricks. A circular opening o is preserved above each pot, largo enough to allow tho 
material to be withdrawn and to introduce into tho oven the object to be manufactured. The 
flame of tho fuel on the grato G rises in tho oven M ; it is then conducted by openings into 
the lateral ovens N N, called arches, in which the preliminary preparation is mado, the frit of the 
mixture ; in tlicso samo arches, the new pots are kept for a long while before introducing them 
into tho principal oven, in order gradually to prepare them to bear tho high temperature of the 
ovens, and render them stronger. Tho name and smoke, having passed through the ovens N, 
escape by the flues. Each pot is attended by two workmen, a master glass-blower and an assistant. 
The master-blower, standing on a small wooden bridge L, raised from 1 to 1 J metre above tho 
ground, is thus enabled to dip into the pots and handle the pieces he is about to blow. Small 
walls a n separate the working spaces oi each pot, in order that the blower may not bo incon- 
venienced by the heat of the adjoining working hole. 

Great care is required in the manufacture of the melting pots: only the most infusible clays 
can bo used ; tho process will bo described under tho head of Pottebt. They are generally 
0® -7 to 0**“9 in depth, and will hold about 400 or 500 kilogrammes of melted material. The pots 
when newly made aro kept for several months in hot rooms, so as to dry slowly. They ore then 
introduced into tho arches of an oven, the temperature of which is not very high, and are gradually 
and slowly brought nearer to those parts of the arch where tho heat is greatest. They ore intro- 
duced into the principal furnace only after having been subjected to a very high tempe-raturc. 
Each j*>t should serve for several meltings ; it is rarely necessary to replace all the pots of a furnace 
by new ones. They are thrown aside as they wear out, and a sufficient supply should always bo 
kept in tho arches, to replace those which ore destroyed. 

The mixture of the material is generally composed of 100 parts of sand ; 35 to 40 parts of 
chalk; 30 to 35 parts of carbonate of soda, or un equivalent quantity of a mixture of sulphate 
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of soda and charcoal ; and 50 to 150 parti* of broken glass, or cullet. These materials, intimately 
mixed, are set to frit in an arch of the furnace, where they ore turned from time to time, in order 
to render the mixture more uuiform. The tire on the grate is made to burn actively after the 
working holes of the furnace have been closed. Thu workman deposits the frit in the pots, 
removing it rod hot from the arch with a shovel ; after the addition of each shovelful he wuita until 
the material is melted before adding another, and so on until the pot is tilled. He then leaves it 
to itself for several hours, in order to clear it of bubbles of air and foreign substances which rise 
to the surface*. These substances, called tflasagaU (also called mmdivtr or, commonly, silts), aro 
formed by alkaline salts in excess, which have not been decomposed by the silicic acid ; they are 
particular] v numerous when impure carbonate of soda has been used, or when a mixture of sulphate 
of soda and charcoal has boon substituted for it The workman generally removes them with an 
iron ladle. From time to time he extracts a small quantity of melted gloss, and judges of its 
quality by its appearance after solidification. 

Wh en the glass is sufficiently fused, th« temperature of tho furnace is lowered, in order to bring 
the glass to a consistency fit for working. We shall not attempt to describe the processes of glass 
blowing in detail, but merely that adopted in France for the making of window' glass. 

The pip?, Fig. 8260, is the principal tool of the master-blower. It is an iron tube, l m *50 in 
length, having a perforation through its long axis of 3 millimetres in diameter ; it is covered 
externally, to a distance of about 35 centimetres, by a wooden tube cd, to protect tho workman’s 
hand from the intense heat. At the end of each bridge L, Fig. 3259, is a small platform, of tho 
height of O’ 0 *65, protected by an iron plate, called the marerr, on which the workman moulds tho 
doughy glass, Fig. 8261, adhering to the end of the pipo iuto the proper shape for blowing. Near 
the nuirvrr is a woodeu block, containing several hemispherical or pear-shnjied cavities, which are 
kept constantly moist. The pipes are heated in a small opening ut the base of the furnace. Tho 
workman, taking one, dips it into the glass, collects a certain quantity, withdraws it, and turns it 
bo that the fluid glass may not separate, then collects an additional quantity, and hands the pipo 
thus charged to the master-blower. The latter, having received it, rests it on tho iron platform, 
always turning it, dips it again into the pot, and then returns quickly to the platform with a mass 
of rod-hot glass, and rests it, still keeping up the rotary motion, in tho water which fills the cavity 
of the block. He then draws the greater portion of the glass which envelops the sides toward tho 
end of the pipe, by means of a sheet-iron blade. Fig. 3262. The mass of glass, cooled by the water, 
but adhering to tho end of the pipe, is carried back to the working hole to bo softened. When the 
workman thinks it is soft enough, he withdraws the pipe, and recommences tho same manipulation 
in tho water, but at the some time blows in the pipe, so as to give the glass tho shape of a sphere 
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of about 3 decimetres in diamoter, Fig. 3263, and then suddenly lifts the pipe into tho air, and 
blows tho sphere above his head. Tho upper part of the sphere then sinks by its own weight, and 
the bulb spreads horizontally, Fig. 3264. By suddenly dipping the pine, the sphere assumes the 
shape of Fig. 3265. The workman then swings the pipe bacJrward and forward, like the pcndnlum 
of a dock, blowing from time to time through tho pipe while making this movement, so that, by the 
simultaneous action of weight and blowing, the glass balloon elongates and assumes the shnpc of 
a cylinder. Fig. 3266. The glASB cylinder can rarely be brought to the proper dimensions by one 
nneration, but generally must lie heated several times in the oven. When the cylinder is finished 
the master-blower rests the pipe on a portable hook which the assistant arranges in the direction 
of the working hole ; and introducing the cylinder into the furnace so that its end liecomes exces- 
sively heated, blows through the pipe with the whole force of his lungs, until tho cylinder is 
pierced. The piercing of tho cylinder is also often effected in another manner. The assistant fastens, 
by means of a pipe, a small quantity of ^»ry hot glass to the extremity o of tho cylinder ; this cud 
the workman dips into the oven, and blows forcibly through the pipe, or simply stops its orifice 
with his finger. The pressure of the internal air bursts tho ena o, where tuo glass has been 
softened by the drop of hot gloss. Fig. 3267. The workman then removes the cylinder from the 
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fire, and the osaistont cuts off with scissors the convexity of the cylinder, nn ns to open it entirely. 
Fig. 8268 ; the blower then moves the pipe with great rapidity, cither by swinging it or causing it 
to revolvo completely. This manoeuvre cools the glass rapidly, at the 
same timo preventing the object being made from becoming mis-shapoiL 
When the glass is solid, the blower gives the pipe to tho assistant, who, 
resting it on a trestle, at the same time applies a drop of water, taken 
up with a bent iron mil, to the point of junction of tho pipe and cylinder, 
and, by a slight blow on tho middlo of tho pipe, detaches the cylinder. 

The cylinders thus prepared are intended for window glass ; but, being 
ns yet opened at one end and closed at tho other, this end must also bo 
opened. As tho panes must have a given size, tho workman applies to 
the upper edge of tho cylinder a stick on which the size of the pane is 
marked ; then, without 'moving tho stick, he dips from tho pot, with an 
iron mil. a drop of glass, which is elongated by drawing out ; by applying 
this red-hot glass thread to the circumference c & of the cylinder. Fig. 

3269, at tho lino to bo separated, a very accurate division is immediately 
eiiectod. 

Tho glass cylinders are then carried to tho Jtnttrniiyj furnace. Figs. 

3270, 3*271, which is composed of two adjacent ovens V, U, separated only by a very small thin brick 
wall, extending from the floor to the roof. Beneath this partition wall is an opening » », of 1 metre in 
breadth, and a few centimetres only in height, serving for the passage of the panes, which having 
l>een flatten oil in the first compartment V, are reheated and slowlv cooled in tho chamber U. Both 
comportments are heated by furnaces beneath. The cylinders to be flattened are laid on a table ; a 




•Imp of water is passed over the nppor edge erf, Fig. 3272, followed by a red-hot iron, which effects a 
clean fracturo throughout the whole length ; after this the cylinders are presented to the opening 
O, Fig. 3271, of tho flattening fumaco, being gradually introduced into it by means of two grooves, 
which regulate their progress, thus avoiding a too sudden heating, which might crack them. 
When tho workman sees that tho cylinders are about bending on themselves, he takes the hottest 
on the end of an iron rule, and drnws it into tho middle of the furnace, near tho flatting plate V, 
Fig. 3271, which is often inailo of east iron, and sometimes of thick pinto glass, dusted with a little 
plaster to prevent adhesion. This plate iB placed immediately in front of tho longitudinal opening i 1 , 
through which tho pane must pass to enter tho baking furnaeo U ; its upper surface should also 
bo exactly on a level with the floor of tho furnace, so that the pane of glass may meet with no 
impediment in its progress. The cylinder having reached the plate, tho workman, nrmod with his 
rule, pressi* down to tho right and left tho two sides, which yield readily to tho weight of the 
rule, Fig. 3273. Ho then takes another iron bar, Fig. 3274, terminating in a highly-polished piece, 
and applying this polished part on tho glass, posses it rapidly over tho surface, so ns to flatten it 
perfectly. 



The pone, properly flattened, is pushed through the longitudinal opening » i into the second 
oomfiartineut r, where tho tonpemturo is much lower; a workman | tosses beneath it a thin iron 
rule, terminating in a fork. Fig. 3275, and raising the pane, which is already firm enough not to 
bi nd, rests it in a vertical jxwitiou against an iron bar //, Fig. 3271, which ] Hisses through the 
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vhofe length of the ovon. A number of pones oro thus hcaj>ed on each other, until tlio workman 
deems it sufficient. A second horizontal Iwr is then arranged, cm which odditionnl [sines arc 
disposed, and so cm until the compartment U is nearly filled. The furnace is then allowed to cool ; 
ana the glass, when withdrawn, is ready for sale. Clock-shades, decanters, tumblers, &c., are inndo 
of the same glass. Inferior glass articles, such as common window glass, apothecaries’ phials, &c. t 
oro made of lees pure materials ; they are commonly coloured green by protoxide of iron. 

In France, the base of plate glass is a mixture of soda and lime, and the oxygen of the silicic 
acid is to that of the united bases as (1 : 1. For the same quantity of lime, a quantity of carbonato 
of soda is added double of that contained in window glass, became it is necessary to give greater 
fusibility to plato glass. In tho plate-glass factory of Saint-Gobain, which is tho largest in France, 
the mixture is made of 300 ports of very white quart rose sand, 100 part* of dried carbonate of soda, 
43 part* of lime slaked in the air (fallen lime), and 300 part* of cullet. Tho materials are most 
carefully selected and purified : for it is essential to obtain as white and perfect a glass as possible. 
Melting furnaces similar to tboee described are used, but (her aro always heated by word. Tho 
material passes successively into two pots ; it is first melted in a conical one, into which it is 
gradually poured until the pot is nearly filled. This fusion requires fifteen to sixteen hours ; it ia 
then allowed to fine, by rest, at a high temperature. Workmen then remove the liouid glass with 
copper ladles, and transfer it to smaller square pots, called cuvette*, placed in the furnace on tho 
same shelf and alongside of tho melting pots. When tho transfer lias been effected, the working 
holes are closed, to restore fluidity to the glass : the cuvettes are then removed on a peculiar kind 
of cart, and brought above a very smooth bronze table, previously heated by red-hot coals laid 
thereon. The fluid glass is poured on this table, spread out, and smoothed by means of a cylinder 
or roller ; when cooled it is placed in a furnace and again heated, in order that it may easily boar 
changes of temperature. It is then divided into pieces of tho requisite size, leaving out tho 
defective portions, and polished, by fixing the glass on a stone table with plaster, and rubbing it 
with quartzose sand, by means of a second piece of glass smaller than tho first. In making largo 
glasses, several pieces, set in motion by a machine, are used at once. The surfoco of the glass thus 
becomes perfectly smooth, and is rou,jh-yroun>], but as yet unpolished. The final polish is given by 
rubbing tho surface first with finer emery, diluted with water, and then rubbing it with oolcothar, 
also diluted with water, by means of heavy polishers covered with felt. 

2. Bottle Glass . — Bottles are made of cheap materials, bccauso it ia important that their price 
should be low, and the peculiar colour is not a matter of much importance. The most ochroous sands 
are frequently preferred, because the oxide of iron they contain imparts fusibility to the glass. Pure 
alkaline carbonates being too expensive, the alkaline material is furnished by tho crude sea-soda 
and wood Ashes. A considerable portion of washed ashes, called s/wit ashes, iB added, which 
introduces tho silicates of alumiua and potossa. Lastly, a large quantity of cullet is poured into 
the mixture. In bottle glass, the oxygen of tho silicic acid is double or treble that of the united 
bases. The following is tho composition of a mixture used for bottle glass ; — 


Ochreous sand 100 Ppont ashes 150 to 180 

Soda from seaweed .. 40 to 60 Ochroous clay W) „ 100 

Fresh ashes 80 „ 40 Cullet 100 „ 150 


Bottle gloss is of various colours. That of French bottles is a deep green, owing to protoxide 
of iron ; those mode in certain [arts of Germany have a brownish-yellow hue, produced by a 
mixture of the scsquioxidcs of iron and manganese. Bottle-glass furnaces generally contain six 
pots of the largest size. The fusion should be rapid, to economize tho fuel. The pots being entirely 
filled with tho mixture, the fire is stirred up to effect the fusion, and when the material is liquid, 
a fresh quantity is added ; seven or eight hours are reouired thus to fill tho pots with melted glass, 
after which the work is begun immediately, tho sanaiver first being removed. The furnace is 
allowed to cool until the material has acquired the degree of consistency proper for working. 

The pipes having been heated in the holes at the bottom of the furnace, an assistant dips one 
into the melted glass, collecting as much of it ns he can, and withdraws it by a continuous rotary 
motion. When the glass has become sufficiently consistent not to bend on itself, he collects some 
more, and so on ; when he has gathered enough to finish a bottle, lie passes it to the blower, who 
applies the glass to tho left face of the marver, turning the pipe constantly, in order to fashion the 
nock of the bottle ; at the same time ho compresses the glass at the enu of the pij»o by means of 
the sheet-iron plate. Fig. 3262, and then blows through the pipe, so as to give the glass on egg-liko 
form, Fig. 3276. He then rests the gloss against the edge of the marver, marks tho neck of the 
bottlo, heats the piece in the furnace, withdraws tll| axn 

it, and blows it, after having introduced it into 
a bronze or earthen mould of the proper size. 

When the bottle is formed, the blower withdraws 
it from the mould, and by a see-saw motion raises 
it on high, Fig. 3277, and indents the bottom of 
the bottle, by mean of an instrument, Fig. 3278, 
called tho punty or pontil , consisting of a small 
square piece of sheet iron, tho angle of which 
rests on the centre of tho bottom of the bottle, 
while it revolves on the pipe. Then, taking a 
drop pf water with the punty, he applies it to the 
neck of the bottle, which is immediately earned 
to a small cavity in tho side of the furnace, and 
separated from the pipe by a dexterous jerk. The bottle being thus prepared, the blower turns it, 
and fastening the pipo to its base, Fig. 3279, extracts from the pot with another pipe a small quantity 
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of melted glass, which elongates like n thread ; the end of this ho brings to the neck of the bottle, 
and by a rotary motion surrounds the mouth with a small gloss cord ; he then introduces the nock 
into the working hole, and finishes the mouth with pincers. The bottle being completed, an 
assistant takes it from the hands of the master-workman, carries it to the annealing furnace, and 
detaches the pipe by a dexterous blow. The bottles are arranged in rows, upon each other, in the 
annealing furnace, the heat of which should he kept below a dull ted. When it is filled, the work- 
ing hoh<a are cloeed, and it is allowed to cool. Modem annealing furnaces are composed of a long 
gallery, heated by a furnace in the centre, and terminating by door* at either end. This longitu- 
dinal furnace is traversed by an endlras iron chain, to which iron carts are attached containing tho 
objects to be annealed. They enter at one end, and are withdrawn at tho other, after having 
remained in the furnace long enough to Is* properly annealed. 

3. Crystal is a kind of glass used only for the fabrication of articles of luxury ; it must therefore 
bo very transparent, perfectly homogeneous and colourless, and the greatest earo must be exercised 
in the selection of tho materials for its composition. Crystal is a double silicate of potassa and 
oxide of lead, the composition varying greatly in tho different factories; the proportion of the 
oxygon of the silicic acid to that of the united bases ranges frnm 6! 1 to 9 ! 1. The ratio of 
the oxygen of the potassa to that of the oxide of load ranges between still wider limits, namely, 
from 1 : 1 to 1 : 2 - f». By increasing tho proportion of oxide of lead, greater density and higher 
refracting and dispersing powers are imparled to tho crystal, which produce in cut glass the 
beautiful efb-cts of colour by transmitted light. But the proportion of tho oxide of lead cannot be 
increased indefinitely, becauso the crystal, in that ease, acquire* a yellowish tinge. The finest and 
purest sand is chosen for the manufacture of crystal ; the carbonate of potassa employed is refined, 
ami the ordinary oxido of lead or litharge is not used, because it always contain* some particles of 
metallic lead, which would be scattered through and injure the glass. Minium, an oxide of lend 
of a degree of oxidation superior to the protoxide, only is used : this oxide cannot contain metallic 
lead, and the oxygen it evolves when heated prevents the reduction of any lead by tho carbonaceous 
dust or particles of other substances which may fall into the pot. The ordinary proportions for 
tumblers, decanters, &c., are 300 parts of pure sand, 200 ports of minium, and 100 i Art* of purified 
CArbonnte of potassa. 

Crystal-glass furnaces are generally heated with wood ; in some, however, coal is burned, but in 
that ease the shape of the pots must bo changed. Coal produces a very fuliginous smoke, the 
deoxidizingaction of which it would be very difficult to prevent, if the glass were melted in open 
pots ; peculiarly Hluqs-d pots, Fig. 3280, called covered crucibles. or mufles, aro therefore used ; their 
vertical opening is placed in front of tho working hole. of the furnace. 

Many article* are made of crystal by blowing, but it is also cast in great quantities in bronze or 
wooden moulds, which latter are kept moist, so a* not to carbonize too rapidly. 
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The glass tabes used by chemists, and also thermometer tul>cs are made by a particular process, 
which we shall briefly describe. The workman gathers on the end of his pi|w> a certain quantity 
of glass prepared ns usual ; ho then blows it into the shape of a pear. Fig. 3281, which he mokes 
larger or smaller, thicker or thinner, according to the size and thickness of the tube required. 
Another workman has also gathered some melted glass on the end of a pipe, and applies it to tho 
bottom of tho l>ottle, Fig. 3283; the two workmen then recede rapidly from each other. The glass 
pear is then drawn out, as seen in Figs. 3283, 3284, and is converted into a tube terminating into 
two swollen extremities. Tubes of 30 or 45 metres in length are thus made; they are laid on n 
wooden floor, and divides] into lengths of 1 metre each. It will be seen that the external diameter 
of these tul>es is not eoual throughout its whole length, being generally smallest toward the centre ; 
neither is the internal ealibre more regular, and it is rare to find a tube possessing tho same 
internal diameter throughout its whole length. 

Manufacture of Glass for Optical Purposes . — Crotm Glass and Flint Glass . — Two kinds of glass are 
nsed for optical instruments ; one, called cro*.m glass, is nnalogons in its composition to Bohemian 
glass, while tho other, called Hint glass, is a species of crystal. This glass must be as colourless as 
possible, and perfectly homogeneous ; great care is therefore required in the choice of the materials 
entering into its composition, and they must be refined expressly. Ordinary flint glass is manufac- 
tured of 100 ports of white sand, 100 |»art* of minium, and 30 parts of very pure carbonate of potassa. 
The density of thin flint i* about 8*5. A more refracting flint, but one slightly coloured yellow, is 
mode of 225 parts of white sand. 225 parts of minium, 52 jiarts of earlwnnte of potassa, 4 parts of 
borax, 3 part* of nitre, 1 part of peroxido of manganese, 1 part of areenious acid, and 89 parts 
of ciillet of the preceding flint. 

Tho molting furnace. Fig. 3285, contains only one covered crucible or pot, into which the 
mixture is gradually introduced by small portions at a time, always waiting until the preceding 
charge has Utoiuo perfectly fluid. Eight or ten hour* are required for the whole charge of n pot. 
A strong blast is then applied, and kept up for four hours, to render the mixture perfectly fluid. 
When this is effected, a hollow cylinder a 6, made of fire-clay, previously heated to redness, and 
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which does not sink in the rneltod glass, on account of its greater lightness, is introduced into tho 
pot Into tho cavity of this cylinder a curved iron ba r fe is passed, tho end of which is heated to 
redness. By resting this bar on an iron gallows k t, tho 
clay cylinder may ho moved in any direction, so as to 
mix intimately the various parts of tho liquid mass. 

The bubbles of air arc thus oriven out, and the whole 
rendered perfectly homogeneous. This operation must 
bo frequently repeated, to make tho gloss as perfect 
as possible. Tho clay cylinder is then removed, and 
the furnace allowed to cool slowly for eight days. The 
pot is then taken out, and is broken after cooling, to 
retract the glass, on which small polished facets are 
cut, here and there, so as to judge of its quality in 
various parts. This mass is then broken into pieces, 
and those that are perfect are selected, and heated in 
a muffle to soften them ; they are then rolled into 
bolls with pincers, and afterward carried to moulds 
which give them a lenticular shape. Lastly, they are 
allowed to cool slowly in an annealing furnace. 

Crown glass is made exactly in the same way, of 120 
parts of white sand, 35 parts of carbonate of jtotassa, 

20 (Arts of carlionate of soda, 20 parts of chalk, and 
1 part of arsenious acid. 

By joining two lenses, proj**rly cut, one of crown 
and the other of flint glass, achromatic lenses are ob- 
tained, which are remarkable for their property of 
giving the same convergence to all the coloured rays, 
no that a colourless object produces, in the focus of 
the compound lens, an imago equally colourless, tho edges of which are free from the coloured 
fringes always presented by images seen through simple lenses. This property, however, is very 
manifest only in those rays which do not depart very far from the axis of the lens. 

Struts . — A peculiar kind of crystal is sometimes made, very douse and refracting, resembling 
the diamond when it has been properly cut. By colouring this glass with various metallic oxides 
coloured glasses closely imitating the precious stones arc obtained. This crystal, called struts^ 
should be made of the purest materials, and requires great care in fining : generally, a certain 
quantity of borax is added. Tho manufacture of artificial jewels has in modem times reached 
great excellence. 

Enamel . — The narno of enamel is given to a species of glass rendered opaque by an addition of 
certain metallic oxides. Peroxide of tin or stannic acid is generally used for this purpose : how- 
ever, arsenious acid, phosphate of lime, or autimouiate of oxide of antimony may also be employed. 
Enamel is generally made of a very fusible crystal. An alloy of 15 parts of tin und 100 parts of 
lead ure oxidized in a reverberatory fnmace, by which a staunate of oxide of lead Is formed, which 
is purified by levigation. 100 ports of this plumbeous stannute are then mixed with 100 (Arts of 
very pure sand and 80 parts of carbonate of potaasa. An addition of small quantities of certain 
metallic oxides to this mixture gives coloured enamels. 

Of the Imperfections and Alteration. s to which (Hass is subject . — We have seen that objects made of 
glass are kept for some timo in a furnace at a dull rod heat, and then allowed to cool slowly. This 
rocesB, called annealing, is a very essential operation, for glass cooled suddenly after blowing is so 
rittle as to bo useless. It frequently happens that common tumblers, which are imperfectly 
annealed, break suddenly on a slight change of temperature; such glass sometimes, also, is frac- 
tured when exposed to the current of air from an open door. This property is highly developed in 
the lachryuut llatariccr, or Prince Rupert's drops . These are drops of glass suddenly cooled, and 
made by allowing drops of melted ^lass to fall into cold water ; they thus become suddenly solid, in 
tho form of tears, Fig. 828fi, terminating in a loDg tail ; and as the outer surface solidifies while 
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the interior is still at a high temperature, it retains nearly the shape it had in the 
liquid state. The internal rArticJe9 arc kept in an abnormal condition by those of the 
surface surrounding them, if tliis resistance of the surface particles be removed, at only 


one point, the whole mass bursts with noise, and falls into dust. This occurs, for /f 
example, if tho tail of the drop bo broken off. A similar effect is produced in a small / f 
glass apparatus, long known as the philosophers phut!, a kind of glass tube, thick, and / V 
of a pyriform shape. The master-blower frequently makes them on his pipe, when I J 
trying tho metal in the pot. If ony hard substance, a small ball, for example, be dropped 
into this phial, which has not been annealed, tho shock is sufficient to reduce the phial to dust. 
The workmen apply this tendency of glass to break in a given direction when touched with a cold 


body, to detach the pipe from the objects blown, or to crack the glass in any direction required. 

When glass lias been exposed fur a long time to a high temperature, it loses, by volatilization, 
ft considerable portion of its alkali, and becomes less mid leas fusible, at tho same time acquiring 


tho property of readily crystallizing by slow cooling. Thus mooses of glass of a crystalline struc- 
ture arc often found in the worn-out pots which have been for a long timo in the furnace, and cooled 
slowly; at other times, the crystallization is developed only in some ports of it, the remainder 
being vitreous; the vitreous jsirtion always containing more alkali than that rendered opaque by 
crystallization. This alteration of the glass takes place not only at its fusing point, but al*o at a 
lower temperature. If a glass )m»U1u lie left for several days in a furnace, at a degree of Lent 
approaching that which effects tho softeuing of the glass, it entirely loses its transparency, and 
resembles a porcelain bottle. The glass thus altered, dcvilrifcd, is much less fusible than when 
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transparent. A peculiar nrt \rna attempted to be founded on this property, which consisted in 
making objects of blown glass, and then destroying their fusibility by devitrification. This dori- 
trified glass was called li^aumur^t porcelain ; but the manfacturo of it has boon abandoned. 

Gluss coutoining a large proportion of nlkali cliangea by exposure to moist air, its surface becoming 
rugose and cracked. Frequently an excessively thin pellicle of altered glass forms on it, producing 
the snino t>lay of colours ns a soap-bubble, or a drop of oil on a largo surface of water ; on alteration 
produced by the surface of the glass parting, after a long time, with a portion of its alkali. It is 
particularly remarkable in pieces of glass which have remained burled for years in a damp soil. 
These pieces are sometimes found to havo entirely lost their transparency, to bo swollen, and 
clcavable into very thin lamelho : then they exhibit tho same play of colours os mother-of-pearl. 

Various small objects are made of tho glass tubes of commerce. For this purpose an oil lamp, 
generally made of tin, Fig. 3287, fed by a bellows, and called au m uncUer’s lamp , is used. Tho 
wick is of cotton, and does not project very high. The 
bellows is worked with tho foot : the blast of air is conveyed 
by a pipe which can be turned in various directions. By 
properly arranging the wick, and modifying the inclination 
of the pipe, and adapting a proper aperture to it, a flame of 
any size may be obtained ut pleasure. When workiug with 
it plumbeous gloss, or crystal, the Home must lie made oxi- 
dizing by ndmittiug a greater quantity of air; for if the flame 
wore redneiug, oxide of lead would l>e brought to the surface 
of tho glass iu the state of metallic lead, and the glass 
would be blackened. It is iin|>ortaut not to heat tho 
glass too suddenly, lest it should break ; it is therefore first held for a few raomeuts before the 
Hume, and brought by degrees into the hottest part. 

In order to bead a glam tube, it is heated to the distance of 3 or 4 centimetres on cneh side of 
the point of flexion, turning it constantly, so that its whole periphery may be uniformly heated. 
As Boon as tho tube is sufficiently soft to yield to a slight force, it is bent ; but it is important not 
to make the curve too short, because the tube would be mis-shapod and brittle. Tho tube is there- 
fore not heated at tho |K»int where it was begun to bo bent, but tho flame is directed on the adjacent 
I wit, so os to make a small arc of a circle. Tubes cau 1 k> bent iu an alcohol lampcvou more readily 
than in an cnauicller’s lamp, for it is better not to have tho glass too hot. 

In order to close a tube at ono end, a longer tubo is boated in the cnameller’s lamp, at tho 
point of closure*, turning it constantly iu the llauie. As soon as it is perfectly soft, Imth ends ore 
gently drawn out, still turning it. The tube thus takes tho shape of Fig. 3288. The point of the 
flume is then directed to the point a of tho narrow part, ami tho two hulvcs of the tube arcscm- 
rnted, each of which will furnish a tube closed at one end ; tho ends are then rounded, ami mile 
more uniform iu thickness. To do this, tho end is again heated in the lamp, blowing into it occa- 
sionally, to round it. Lastly, a border is only required to complete it, which is mode by simply 
heating the sharp edges uutil they arc rounded by fusion. If the edges are to bo widened, or a 
mouth mode to pour liquids, it is done by applying nn iron wire against the softened edges, by 
which means the aperture can be fashioned at will. Fig. 3289. When tho end is to be closes] this 
end is heated in tho lump, and the heated end of another tubo applied to it. Tho two tubes ore 
soldered together, and tho operation is then continued as just described. 
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It is frequently necessary to solder a smaller tubo cd, Fig. 3290, to tho end 
9 Ia f^’ r tu x \ 18 «nwi» oat, in tho lamp, till it is of the size of the si 


of a larger one a b. 


rr "TV' ”7“." T'7 WUfc » 1,1 * uu lamp, till it is of the size of the smaller one, aud tho 
tills? ab is next closed at the point b of the narrow jwrt, by placing tho part b ill tho point of tho 
flame, and turning the tube between the fingers. Then, nflor having heated tho closed end to soften 
it, a very thin sphere, which bursts by blowing through the opening a , is formed at the end b. JJv 
means of a file the glass is separated so os to have only u widened edge-border at the end b. 
1 he lune is done U> the end c of tho small tube; the ends b and c are then exposed to the flume, 
oppoettoto each other, turning them constantly, after having previously closed tho end a with a 
ZSit " ftre « u ffl c » en tly softened, they ore pressed firmly agaiust eocli other, tho 

joint is equally hutted throughout, and from time to time tho operator blows through the small 
*“ * h<! ® ,l,lvr fforo forming a ring. Laatly, it is drawn out •lightly, ao tln.t 

no nailing nay exut at the point of union. 6 J 

If * J ■'.“TV* ,ub ® 0 , 3 '- :i2 ' “ 1,1 be soldered to the side or a larger tnbe o h, tho point of tho 

SME i?'!"* r '; i " l, r " •* “^“rp "» pioeihlo by o proper arrangement of the pipe „„d lamp- 
wick, is directed on Uic point Fig, 8201, of the luho a 6. When it i, sufficiently Softened, t ho 
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crnl of a glass point, also heated, in fastened and drawn quickly forward : thus a point ef is formed 
on the tube a 6. Thin point is elusod in the lump; then, having stopped the end k with wax, tho 

E oint ef is again introduced into the ffamo, and when it id in fusion, a very thin Hphcre, which 
urstd, is formed by blowing through tho open end /. A portion of the glass is filed ofl r 1 tho edges 
of the aperture are melted, Fig. 3292, and after huving closed tho end / with wax, the end c of the 
small tube, also heated, is brought in contact with the opening e. The joint is formed by gradually 
heating all its |mrts, and blowing from time to time through the opening d. 

If a globe is to be blown at the end of a tube, tho tube id closed in the lamp, and by continuing 
the action of tho flame, a mass of glass, largo enough to make tho globe required, is collected at 
this eud. This masd uf glass being very soft, the tube id gradually extended by blowing gently 
into it. It id then heated again uniformly, and nfterwanl, by condtAntly turning the tube and 
blowing gently, a globe of any size may be produced at pleasure. When tho globe id to be largo, 
and still bo at the eud of a narrow and thin tube, it is better to blow the globe separately on a 
larger tube, and then solder it to the narrow ono. To do this, tho larger tube is drawn out between 
two |K)iuts, Fig. 3293, by the process before stated ; ono end, «, is closed in the lamp, and then 
tho part A heated in tho flume, so os to soften it completely. Lastly, tho operator blows through 
the end 6, turning it constantly, until the globe has attained the size required. The globe is then 
soldered to the tube. But as the globe is still terminated by a point, the latter is placed in tho 
flame, and by blowing gently after having softened this part of tho globe, it is distciidcd so ns to 
cause the small piece of glass to disappear. Tho bottles which are to contain tho volatile liquids 
intended for uuulysis ore blown iu the same way. 
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In order to fashion a funnel at the end of a tube, os, for example, on safcty-tul>es, a globe 
\ drawn out between two points, Fig. 3294, is soldered to tho end of the tube, and then the point a 6 

is detached, Fig. 3295. The port ci, us well ns the end of tho globe, Is heated, and when they are 
very soft, a smart blow of wind through tho tube is given ; thus a second irregular and very thin 
• globe. Fig. 3290, fastened to the first, is produced ; this is broken and the glass detached by means 
of a file, Fig. 3297, so as to leave only on edge, which is melted in tho lamp, and properly widened 
by an iron rod. Fig. 329S. 

In order to break a glass tube at any given point, a mark is made on it with a gun-flint or a 
very sharp three-edged file ; tho tulie is then pulled in the direction of its length, and it separates 
at the mark. If the tube be large, it must be slightly bent at the same time. Iu order to sepa- 
rate thicker and larger portions, as, for example, to shorten the neck of a retort or flask, a mark 
with a file is made at tho proper point, and followed with a point of rod-hot iron; it then cracks 
iu the direction of the mark. 

A red-hot coal, held with a forceps, carried round the intended line of separation, answers tho 
same purpose ; care must be takeu to blow away tho ashes as soon ns they form by contact with 
the cold glass, mo ns always to present a red-hot point to the surface of the glass. 

The process of dividing a tube by friction, described in Hare’s Chemistry, is so much superior to 
that adopted by previous ojH-rntors, that the Editor has not hesitated to substitute it for the French 
inode; — “Some years ago, Isaiah Lukens showed ns that a small phial or tube might be sepa- 
rated into two parts, if subjected to cold water, after haviug been heated by the friction of a cord 
made to circulate about it, by two persons alternately pulling ill opposite directions. We were 
suhsouucutly enabled to employ this process for dividing large vessels of 4 or 5 in. in diameter; 
and likewise to render it in every case more easy and certain, by means of a piece of plank forked 
like a boot-jack, and also having a kerf or slit cut by a saw, parallel to and nearly equidistant 
from the principal surfnee of the plank, and at right angles to the incision forming the fork. By 
means of the fork, the gloss is held steady by the hand of the operator. By means of tho kerf, tho 
string, while circulating about the glass, is confined to the part where the separation is desired. 
As toon as the cord smokes, the glass is plunged into water, or if too large to be easily immersed, 
tlus water must be thrown upon it. This method is always prcfcrablo when the gloss vessel is so 
open that, on being immersed, tho water can reach tho inner surface. As plunging is the most 
effectual method of employing the water, we usually, in the case of a tube, close tho end which is to 
be sunk in the water, so as to restrict the refrigeration to the outside.” — Haro’s Compendium, 
cd. 4th, p. (JO. 

Coloured Olasa and Painting on (Hass . — Glass dissolves the greater part of the metallic oxidea, 
and while it preserves its transparency, is often tinged with the moot beautiful hues; on this 
property the manufacture of coloured glass is founded. It suffices to mix intimately with tho metal 
of which the glass is to be made, a given quantity of the metallic oxide, to produce coloured melted 
gloss ; with certain metallic oxides, however, peculiar care is required. Protoxide of iron FeO 
ini|mrts to glass a deep or bottle-green colour, while tho sesquioxide Fe,O a produces a yellow tinge. 
Oxide of copper CuO and oxide of chrome Cr,0, yield a beautiful green, out of different abodes. 
Oxide of cobalt CoO gives a brilliant blue : sesquioxide of manganese Mn.O, a violet. A mixture 
of equal parts of oxide of cobalt and oxide of iron colours the glass block. Protoxide of copper Cu t O 
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yields a very beautiful red colour, but so intense that the glass nearly loses its transparency if the 
oxide bo in the proportion of a few hundredths. A finis purple is obtained by mixing a certain 
quantity of oxide of tin with finelpr-powdered crystal, soaking the mass in a solution of chloride of 
gold, and melting it, when dried, in a crucible. When the metallic oxide to be used as a colouring 
agent can be deoxidized in the furnace, os, for example, tho sesquioxido of manganese can tie, a 
small quantity of nitre is added to the mixture. A beautiful yellow glass is made by adding 
lampblack to a mixture which would produce common white glass. By varying the proportion of 
lampblack, several intermediate shades between a bright and a purple yellow can be produced. 

When it is wished to make glass of clear colours with metallic oxides which possess powerful 
colouring action, it is difficult to obtain the shade desired by adding tho proper quantity of tho 
colouring oxide to the mixture in the pot. Glass is then set in layers (oerrs so that it is 

formed of white glass throughout tho greater part of its thickness, and hns one face only formed by 
a thin layer of coloured glass ; and in order to vary at will tho intensity of tho colour, the layers 
are made of suitable thickness. This kind of glass is made as follows: — Two pots are placed in 
the oven, one filled with whito and tho other with coloured glass. Tho workman first takes up 
with his pipe a certain quantity of white glass ; then, when it begins to assume the proper degree 
of consistency, he dips it into the coloured glass, and thus fastens a layer of this on the white mass. 
Ho then blows the whole into cylinders, in order to make muffs for Hatting. The inside of the 
cylinder is necessarily white, the layer of coloured glass being only external. 

Painting on glasB is done with very fusible and tinely-powdored coloured gloss. The composi- 
tion of this glass varies witli the nature of the colouring oxide ; for the majority of them, a mixture 
of 2 parts of qtinrtz, 2$ of oxide of lead, and 1 of bismuth is used ; but as certain colouring oxides 
Arc Altered by the oxides of lead ami bismuth, in this case a mixture of 2 parts of quartz, 1 £ of 
melted borax, J of nitre, and $ of carbonate of lime is used. Tho colouring oxide is added to these 
mixtures, and they are melted in a muffle furnace; the glass obtained is reduced to on impalpable 
powder, ground in turpentine, and tho paint thus prepared is applied with a pencil. The pointed 
glass is then heated in a muffle, at a temperature sufficient to melt the coloured gloss, but not to 
affect the object on which the painting has been made. In order to form the groundwork of tho 
picture, glass coloured in the paste is generally used, the outlines and shades being painted on one 
of the surfaces. The various pieces of glass are then dexterously fitted together by means of small 
sheets of lead, each small pane harmonizing with the outlino and shades of tho figure desigued. 
Tho painted surface of the glass is placed outside, so that the picture is seen through the coloured 
glass. The numbers and divisions marked on enamel dial -plates aro applied in the same way. 

Analysis of Glass . — We will suppose that the glass to bo analyzed contains, or may contain, silox, 
potassa, soda, lime, manganese, alumina, oxide of irou, oxide of manganese, and oxide of lead. 
Five grammes of the glass, reduced to an impalpable powder, ore intimately mixed with about three 
times its weight of pure carbonate of soda ; the mixture having been weighed in a platinum 
crucible, the latter is covered with its lid, and heated in an alcohol lamp having a double current 
of air, so as to completely rnelt the earljonntc of soda. For this purpose, it is well to surround tho 
crucible with a small sheet-iron chimney extending a few centimetres beyond it : the chimney, at 
the same time increasing the draught, forces the flame completely to envelop the crucible. Tho 
carbonate of soda is kept melted for at least twenty minutes, and then allowed to cool. By using 
a thin crucible, tho alkaline cup may be detached by the pressure of the fingers, and is received in 
a porcelain saucer, containing a certain quantity of water, and covered by an inverted funnel. 
Water, acidulated with nitric acid, being jioured into the platinum crucible, and then into tho 
saucer, the alkaline cup dissolves with effervescence, tho funnel preventing any loss of substance, 
by the projection of the small liquid pellicles surrounding the gaseous bubbles which burst on the 
surface of the fluid. Toward the close the liquid is acidulated with an excess of nitric acid, and 
evaporated to dryness at a moderate heat. Hot water, acidulated with nitric acid, is poured on 
the dried matter; it is allowed to digest for some timo hot, and then diluted with water; all the 
metallic oxides then dissolving, leave the silex alone as an insoluble residue. It is collected on a 
filter, calcined after being well washed, and weighed. A current of sulphuretted hydrogen is 
pawed through the liquid, which precipitates only the lead in the state of a sulphuret; and finally, 
the liquid is heated to ebullition, still keeping up the current of sulphuretted hydrogen, in order 
to facilitate the deposit of sulphur. The sulphuret of lead is collected on a filter, and, after having 
washed it, tho filter is burned in a platinum crucible, and the substance sprinkled with nitric acid, 
mixed with a small quantity of sulphuric, in order to convert it into sul phate of lead : lastly, it is 
calcined to redness. Tho weight of the oxide of lead is deduced by calculation from the weight of 
the sulphate of lead obtained. Hulphydrato of ammonia is then poured into the liquid to precipi- 
tate the aluraiim and the snlphurets of iron and manganese; the wet precipitate is rcdissolved in 
chlomhydric acid, ami by the separation of tho two oxidca The liquid, which then contains only 
lime, magnesia, and the alkaline Balts, is boiled to drive off tho excess of sulphydrato of ammonia, 
and chlorohydric acid added to decompose that which still remains. lastly, it is supersaturated 
with ammouia, and tho lime precipitated in the state of oxalate of lime by oxalate of ammonia ; 
the presence of nimnoniacal salts in the liquid keeping all the magnesia iu solution. The solution 
is then concentrated by evaporation, an excess of carbonate of soda fdded, and it is evaporated to 
dryness, to decompose the ammonium] salts, and drive off the Ammonia as carbonate ; it is then 
treated with water, which haves the magnesia iu tho state of insoluble carbonate. 

In tho analysis just described, the proportions of all the various component* of tho glass have 
been ascertained successively, with the exception of those of the alkalies, which must be found by 
a particular process. The glass is first dissolved in fluohydric acid. As this acid is difficult of pre- 
servation, it is better to prepare it freshly for each analysis, which is done in the fid lowing manner ; — 
Into a small platinum retort. Fig. 3239, made of two pieces, very finely powdered fluor-spar is 
introduced and sulphuric acid added ; on the other hand, 5 gramme* of glass in impalpohle powder 
aro placed in a large platinum crucible, with a certain quantity of water, and covered with a sheet 


GOLD. 


1G89 


of platinum pierced with two opening*. The neck of the platinum retort peases through one of 
those openings ; the other, much smaller, is traversed by a platinum wire, flattened into a spoon at 
its end, and utuxl for stirring the 
material in the crucible. On 
gently heating the retort tho 
fluohydric acid dissolves in tho 
water of the crucible, attacks 
the vitreous matter, anti a large 
Quantity of fluorido of silicium is 
disengaged. Tho material is 
stirred from timo to timo with 
the platinum spoon, and when 
the glass is entirely dissolved, 
the crucible is gently heated, to 
drive off the excess of acid and 
evaporate the water; sulphuric 
acid is then poured upon tue re- 
sidue, completely to expel the 
fluohydric acid and convert all 
the oxides into sulphates. When 
tho greater part of the sulphuric 
acid has been driven off by heat, 
the substance is treated with 
water, which leaves the silex 
and sulphate of lead ns a residue. Tho liquid is filtered and an excess of carbonate of ammonia 
added,' which precipitates tho alumina, the lime, the oxido of iron, a part of the oxide of man- 
ganese, and the magnesia; an addition of a small quantity of sulphydrnte of ammonia completes 
the precipitation of the manganese. The liquid, when filtered, contains only the alkaline salts, 
a small quautity of magnesia, and salts of ammonia; it is evaporated to dryness, the residue 
calcined at a strong red heat, and the alkaline bases are weighed in the state of sulphates. Tho 
magnesia is overlooked for tho moment, until the termination of the analysis ; the potassa is 
separated by perchlorido of platinum, and the soda is determined by calculation from the difference 
obtained. The magnesia must l»e sought in the solution remaining after the precipitation of the 
double chloride of potassium and platinum. Tho platinum is then precipitated by sulphydrate of 
ammonia, and the liquid, filtered with an excess of carbonate of soda, is evaporated ; the carbonate 
of magnesia is then separated by treatment with water. This base may also be precipitated by 
phosphate of ammonia. A much better method of separating the magnesia from tho alkalies is 
the following, when tho bases can easily bo obtained os chlorides ; — The liquid containing magnesia 
and tho alkalies is evaporated to dryness in a platinum crucible, after having condensed its voluino 
by evaporation in a porcelain capsule, out of which tho very concentrated solution is carefully 
washed, with as little water ns possible, into tho platinum vessel ; a small quantity of pure red 
oxide of mercury is then added, and the crucible subjected to a strong white heat over a spirit 
lamp, until all the mercury is volatilized. Caro must bo taken not to inhale the fumes. Tho 
magnesia, then all remaining as insoluble caustic magnesia, is separated by filtration from the 
alkalies, which then may bo determined by weighing them together, determining the potassa by 
precipitation with chloride of platinum, and finding the weight of the soda by tho difference. 
Phosphate of soda, with the addition of some ammonia, effects the precipitation of magnesia mnch 
more perfectly than phosphate of ammonia. 

GOLD. Fr., Or; Okr., Gold; Ital., Oro; Spax., Oro. 

Gold is found almost over tho whole globe, bnt in most cases in small quantities compared with 
other metals. At tho present time California affords the largest amount of this metal in the world. 
Gold is chiefly found in its native condition, in a metallic state, alloyed with silver, and sometimes 
with tellurium, as is tho case in Virginia and North Carolina. In California it is found chiefly in 
alluvial ground, bedded upon rock in most cases ; it is also found enclosed in quartz rock, appa- 
rently in veins ramifying the rocks of an extensive mountain range. This California gold is 
obtained chiefly in large grains, and often in lumps of several pounds weight. In the other States 
of the Union the gold is in very minute fragments, often invisible to the eye if not aided by a lens, 
only to be detected by crushing and grinding tho rock, and woshiug off the debris. This gold is 
apparently derived from the decomposition of iron and copper pyrites, chiefly tho first ; which 
assertion cannot be objected to, because it is founded in principle that almost all iron pyrites con- 
tain gold, that the gold ores of that region are rocks which are coloured by iron, and that this iron 
is evidently derived from the decomposition of tho pyrites. Pyritous ores of this kind are worked 
which contain no visible gold, or which do not yield gold at tho first crushing and washing, but 
which furnish gold in a succession of amalgamations, performed after regular intervals of exposure 
to the air in a fine powder. 

A splendid yellow colour and brilliant metallic lustre characterizes gold distinctly from other 
metals; its specific gravity being lit -3 to water, is another quality easily appreciated by the senses. 
It is pre-eminently ductile, which qualifies it for an extensive use in the arts. One grain of gold 
may be drawn into a wiro 500 ft. long ; silver may be coated with gold, of which the thickness is 
only the twelve-millionth part of au inch, and still the microscope cannot detect the slightest 
indication of an interruption of the gold coating. Pure gold requires more heat for melting than 
either silver or copper, but as all native gold is alloyed with some other metal, it may 1*) considered 
more fusible than those metals. If, in cupelling gold, the hot globule shines with a greenish light, 
wo may consider the gold not much adulterated; if it contains 10 per cent., or from there to one- 
third of silver, the colour of the gold is in the hot cupel white as silver. Pure gold is not vory 
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volatile, and may lie expose*! to a strong heat for a long time without low* of metal : but if gold is 
alloyed with volatile metal, such ns lend, ziuc, and antimony, it is liable to be carried off by their 
vapours. Gold has a considerable cohesion, which incline’s it to crystallization. Its crystal form 
is an octahedron : it is often found in fragments of crystals imbedded in quartz. In melting gold 
along with pure borax it assumes a whitish colour, as if adulterated with silver; in melting it again 
with saltpetre, or common salt, it recovers its rich yellow colour. 

Hie geological jxwition of gold is in the primitive rock. It is found in granite, disseminated 
in grains and spangles through the moss of rock. In the United States gold is chiefly found in 
the stratified transition series. Most of the gold, the California gold exclusively, is fnuud in alluvial 
soil. In the Southern gold region this source is much exhausted, and the gold is here obtained 
from regular, well-developed veins, running parallel with the general direction of the rock strata, 
south-west by north-east. The plane of inclination of these veins is also parallel with the plane of 
inclination of the geuernl formation. It appears from this that the gold-bearing veins are of a 
simultaneous origin with the rock ; at least, they have l**;n introduced when the rock wus in 
a plastic condition. In Virginia and North Carolina the gold-bearing veins are a ferruginous 
ialeoso slate, often inclined to mica slate. In North Carolina this slntcis found to bo very hard in 
many instances, showing a compact solid mass of rock, apparently the same slate; hut having been 
under the influence of a considerable heat, it is hardened. In Virginia this shite is more soft, the 
fissures open more readily, and the whole vein shows the appearance of soft slate. ThiB slate is 
impregnated with small quartz veins, from £ to $ an inch, and often 2 in. thick. Where these 
quartz veins are thin and in great numbers, the ore is always fouud to be richest in gold. The vein- 
stone of the gold-bearing veins is strongly impregnated with oxide of iron, showing evidences that 
this iron is derived from pyrites, because the oxide appears in dots or flowers, and groups of dots. 
Many of these veins have been traced to that depth where the pyrites are not oxidized ; here they 
appear in their jierfcct crystal form, and arc profusely distributed through tho slate. The oxida- 
tion of these pyrites apfieors to depeud on the penetrability of the ruck by atmospheric agents ; 
where the slate is soft we find it oxidized to the depth of from 50 to 150 ft. ; where the slate is 
hard, as is the cose at the Sawyer Mine, North Carolina, the oxidation reaches hardly 10 or 20 ft. 
deep, and is in many places, such ns bluffs, not dcvclo)>cd at all. At the latter spots the pyrites 
ore in their original form, untouched by oxygen. Where the pyrites are not oxidized, the extrac- 
tion of gold is connected with considerably more expense than it is from soft slate and oxidized 
pyrites. The crushing of the hard slate is in the first place more expensive ; the sulphur of tho 
pyrites destroys a large portion of quicksilver in amalgamation, ami tho gold cannot be all extracted ; 
the largest portion of it remains enclosed by tho sulphuret of iron, which can only be liberated by 
destroying that envelope. 

There is, however, one drawback to tho rapid extraction of gold from deposits — the ores arc all, 
without exception, pyritous in greater depth, and to work these sulphurets to advantage no pro- 
gress lias been made up to this time. Various experiments tending to accomplish this puri*Mto, 
and affording means of extraction, have been tried, but none of these succeeded so far as to work 
tho poorer class of ores. At Gohlhill, N.O., where the ores yield from $1.50 to $3 of gold in 100 lbs. or 
one bushel of ore, the pyritous ores are ground, amalgamated, and a certain j*>rtion of gold extracted. 
Tho crushed ore, now a fine sand, is exposed to the influence of tho utmosphero for cue year, after 
which the process of grinding and amalgamating is repeated, and another portion of gold, almost 
cquul to the first, is extracted. An exposure of another yenr furnishes another crop of gold, which 
operation may be repeated four or five times without extracting all the metal from the sand. This 
way of working is tedious, expensive, and will not answer where the ores yield hut 25 cents to the 
bushel. The process of roasting theso ores by artificial firo is too expensive, and all processes 
which require much labour are out of the question. 

The extraction of t/oU is performed in California, and also in some parts of the Southern States, 
simply by washing the alluvial soil, removing the 6nnd, clay, and debris of rock ; after these opera- 
tions the gold, as specifically the heaviest matter, will remain in tho vessel in which tho washing 
has been performed. This washing may bo done to advantage in a tin pan or a sheet-iron j»n. 
Such a |«an is filled with sand containing the gold, and immersed in water; in stirring it gently by 
hand the clay and light sand flow off, and, after some of tho earthy matter is removed, tho pan is 
shaken so as to bring the heavier gold to the bottom of it ; the superstratum of sand is now removed, 
und tho gold found in tho bottom of tho mu (sec p. 2t»5). 

Gold enclosed iu rocky matter cannot oe washed with success in the foregoing described manner ; 
the rook must Ik* crushed, and is, in this operation, transformed into more or less fine sand. Tho 
bulk of this sand is removed by washing, and the rest, with the gold, reserved for amalgamation. 

The crushing is perforated in the rtUpBiU (p. 272). 

After the crushing is performed, tho Band, including gold, is conducted over hides, which retain 
tho gold, and the sand is floated away. The gold and sand from the hides are removed, when the 
latter arc filled, to on amalgamating machine, which combines the gold with quicksilver, and admits 
tho sand to flow off. Instead of hides, woollen blankets arc ulso used for gathering the gold, nud 
there is a diversity of opinions as to the merits of cither. Blankets, it is contended, are umro 
expensive than hides, but they have the advantage of working more uniformly. Hides aro cheaper, 
but they lose their hairs or wool very soon, and aro then not fit to do good work. Hides of short, 
curly wool aro selected ; these are spread ou the ground, and over these tho water, sand, and gold 
are led in a broad sheet. In other instances, shaking tables aro suspended nt tho discliarge of tho 
stampers, which gather the gold and some sand. Shaking tables arc wooden platforms of 8 or 
10 ft. long, and from 3 to 4 ft. wide, made of 2-in. plonk well joined together, and the whole 
smoothly planed. Around the edges of tho table are projecting riba, which prevent tho water from 
flowing over tho edges. In suspending this table, a little inclined to tho horizontal, leading tho 
sand and water over it in a bread sheet, and applying a gentlo shaking motion to it, tho gold will 
sink to tho bottom and move gently down the piano ; it is arrested at the lowest end of tho table 
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by a projection on tho table. Iu either of the above cases the gold is brought to the amalgamating 
machine for amalgamation. 

Must of tho gold-mining establishments are provided with Chilian mills for crushing the ore. 
There aro some machines of this kind iu North Carolina, which work by four or five runners or 
crushers in one trough. 

In Fig. 8300 such a machine is represented as it is in operation at Goldhill. It is a cast-iron 
circular trough of about 10 ft. diameter, 10 in. wide, and G in. deep; tho trough is firmly tiled u(K>n 
the floor of the mill. In this trough five travellers, or head- 
stones, are moving, of 3 ft. diameter and 0 in. thick, rounded 
on the edge, made of coat iron. These travellers are fixed to 
the revolving shaft in the centre, and aro moved by it. The 
circular trough is supplied with coarsely-broken ore and a 
constant current of water, which tatter washes off all the 
light impurities, and leaves the gold in the trough. At the 
close of every day’s work the trough is supplied with some 
quicksilver, which is workod in it for $ or J hour’s time, iu 
which time it al*orbs the gold, and is then removed as amal- 
gam. The water from these mills is generally conducted 
into other machines, iu which some of tho fine gold which 
(Misses from the first machine is gathered. In moat cases a 
shallow round basin, of about 4 ft. diameter, is appended, iu which a ruko moves around with a 
vertical axis, gently stirring tho sediment which may settle from the (tossing water. It retains 
only the heavy particles. In other instances Sullivan bowls (si small machine which derived its 
name from the inventor) aro ap(>cudcd ; these gather the heavy parts which may escape the 
previous machines. 

A Sullivan bowl is represented in Fig. 3301. A vertical wooden Bhaft, of about 18 in. long and 
2 in. square, carries on the lower (tart a shallow vessel or bowl B, about 2 iti. deep and 18 in. in 
diameter. This bowl is formed of n wooden bottom ami sheet-iron periphery. The bowl receives 
tho water from tho other machines at or near its circumference, and discharges at tho centre. By 
the lever A the machine is set in a rocking motion, caused by a crank connected with the same. 
The machine gathers a great deal of fino gold, but it is an expensive machine, liccatiBe it works but 
little water, and it requires many machines to do the work ot a small establishment. 
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The gold from the various machines, mixed with some sand and other impurities, is carried to 
the Chilian mill for amalgamation, in case there is no other machine for doing that work. This is 
an inqicrfoct machine for amalgamation, and causes losses in quicksilver and gold. In most cases 
separate machines are used for amalgamation ; in North Carolina the cradle is gouemlly employed. 
Tho cradle is made from the trunk of a tree, hollowed out so ns to form a round trough, closed at one 
end and open at tho other, as represented in Fig. 3302. 

Here is h battery of live cradles represented ; as many as tlrnt are frequently connected and 
moved by a little boy. A cradle is from 10 to 12 ft. long, hollowed out of a trunk of at least 24 in. 
diameter. The bottom part is thicker than tho sides. The first cradle in tho drawing shows a 
section. We see hero three or more grooves carved in tho bottom; in each of these groove# from 
3 to 4 lbs. of quicksilver are put. At the farthest end sand is shovelled in and wntcr led upon it, 
the cradles being a little inclined towards the discharge. A gentle current of water will have a 
tendency to wash sand and everything else down the trough, the trough being, in tho mean time, 
in a rocking motion, which assist* the water in washing off every thing. The quicksilver in tho 
grooves is nlso in constant motion, by which tho heavy granules of gold gliding down on the bottom 
arc arrested by it, while the lighter matters, as sand, &c., are not attracted, and pas* over the mer- 
cury. These machines are very effective, hut work slow, and lose much of tho fino suspended gold. 
Other amalgamating machines have recently been put in operation ; their efficacy is, however, not 
settled, and we hesitate to describe them. In North Carolina the German barrel amalgamation 
ho* been introduced within a few months, but wo are not informed of tho result*. In Virginia, 
amalgamating machines of novel patterns have boon tried, but wo are not acquainted with their 
effects. 

All amalgamating machines suffer under a common evil — they cannot work all tho water, as it 
issues from the crushing machine*, to advantage. In all instances half tho golden content* of the 
ore are lost. This is owing partly to the clayish condition of the ore, which clay encloses particle* 
of gold, and carries it of£ and partly to the extreme division of tho gold in the ore* of these regions, 
particularly in North Carolina. This minute division causes the gold to be *us(>endod in water, 
and in that condition it is carried away by the current. A good amalgamating apparatus, which 
will work the water directly from the crushing machine*, rub off clay and other matter from tho 
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particles of gold, bo as to make it adhere to the quicksilver, ami which does not lose any quicksilver, 
is still a desideratum in the Southern gold-mining districts. 

Gold gathered by quicksilver forms a white amalgam. In tho amalgamating machines a surplus 
of quicksilver is used to secure the fluidity of tho mercury : for if it gets slimy, or, still worse, 
plastic, like clay, it will not absorb any more gold with facility. Tho fluid amalgam is pressed 
through a Boft leather or a piece of close canvas, to remove the superfluous mercury, after which a 
solid amalgam, called quick, remains iu tho bag. Tho quicksilver which passes through tho liag 
retains always some gold in solution, the quantity of which varies according to the stuff through 
which it has boon squeezed. The amalgam thus obtained contains from 30 to 70 per cent, of gold, 
according to tho mode of working and the quality of the ore. The quick from the Chilian mills 
generally coutaios but from 30 to 40 per cent, of gold, while that from stampers contains seldom 
less than 40, and in most cases from 50 to 60 per cent, of gold. This circumstance appears to 
speak in favour of the stamps; tho difference in the contents of gold, in the amalgam, isowing 
to its division ; the finer the gold, the less of it tho amalgam contains. The dry amalgam is dis- 
tilled in an iron retort, lined with clay ; a red heat will drive off the mercury, which is condensed 
by leading it into cold water. The gold remains in tho retort in the form of a powder, which is 
collected, melted in a crucible along with some saltpetre, and cast into iron moulds, forming square 
Lars of about 1 lb. weight each. One pennyweight of gold of the Virginia mines is generally worth 
from 90 to 92 cents. North Carolina gold contains more silver than the first, and a pennyweight 
is seldom more than 90, and in tho majority of cases from 80 to 90 cents to the pennyweight. 
California gold ranges from 75 to 90 cents. 

The gold in gold coin and jewellery is never pure, being alloyed with a certain quantity of copper 
and frequently of silver, to give it a greater degree of hardness. In order to obtain pure gold, gold 
coin is dissolved in aqua regia, and tho solutiou being evaporated to dryness, by gentle heat, to 
drive off the excess of acid, the residue is treated with water, by which means the silver is separated 
as insoluble chloride. An excess of protosul pliate of iron, which precipitates the gold in tho 
metallic state, in the form of brown powder, is then poured into the liquid, tin* reaction ensuing 
according to the following equation ; — Au,CI,+0(FeO,8O,)=2Au-f 2(Fe|0 J , 3SO,)+-Fe,Cl,. 

Tho precipitate is digested with weak chlorohydrio acid, and, after being well washed, is fused 
in an earthen crucible with a small quantity of borax and saltpetre. The protosulphate of irou 
may bo replaced by scsquichloride of antimony Sb,Cl, dissolved in an excess of chlorohydrio acid; 
the scsquichloride of antimony being converted into tho percliloridc 8b,Cl„ while tho gold is 
precipitated in the metallic state. 

Gold has a characteristic yellow colour, and its density is 19*5. It fuses at a strong white heat, 
or at about 2200" of the air thermometer, giving off sensible vapours at a very high temperature. 
A gold wire is converted into vn|mur when traversod by the current of a powerful electric battery ; 
and if this take place over a sheet of paper placed at a small distance, the paper becomes coloured 
of a purplish brown, by the very finely divided gold which is precipitated on it. A blade of silver 
substituted for the paper soon becomes gilded. A globule of gold gives off vapour very copiously 
when hold between two pieces of charcoal terminating the conductors of a powerful galvauic 
battery. 

Gold is the most malleable of all the metals, and when beaten into very thin leaves is trans- 
parent, tho transmitted light appearing of a beautiful green colour. Gold may be crystallised by 
fusion, when it assumes the shape of cubes modified by other facets of the regular system. Native 
gold is sometimes found in well-defined crystals presenting the same form. 

When precipitated in a metallic state from its solutions, gold forms a brown powder, which by 
burnishing soon recovers the metallic lustre and characteristic colour of malleable gold, and which 
aggregates by percussion. If tho mass be heated to redness before being hammered, a perfectly 
aggregated metal can be obtained without having heated it to fusion. 

Gold does not combine directly with oxygen at any temperature. Chlorohydrio, nitric, and 
sulphuric acids do uot affect it, while aqua regia, on the contrary, readily dissolves it iu the statu 
of scsquichloride, Au,Cl,. Gold is also dissolved by chlorohydric acid when a substance cajmble 
of disengaging chlorine is added, such as peroxide of manganese, chromic acid, &c. Chlorine aud 
bromine also attack gold, even when cold, while iodine acts on it but feebly. 

Sulphur does not attack gold at any temperature, nor does the metal decompose sulphydrio acid ; 
but by fusing it with the alkaline polysulphides it is powerfully acted on, a double sulphido being 
formed, in which tho sulphide of gold Au,S, acts tho part of a sulphacid. Arsenic when assisted 
by heat combines with gold, and forms a very brittle alloy. 

Gold is attacked neither by the alkalies nor the alkaline carbonates or nitrates. 

Compounds of Cold with Oxygen . — Two combinations of gold with oxygen arc known ; — 

1. A suboxido Au.O, 

2. A sesquioxide Au,0„ 

neither of which forms salts with tho oxides. 

The suboxide Au,0 is obtained by decomposing the chloride Au,Cl by a dilute solution of 
potaasa, in tho shnpe of a deep violet-coloured powder, which decomposes at about 77°, disengaging 
oxygen. The oxacids exert no action on this Bnbatanoc, while chlorohydric acid decomposes it, 
forming sesquiehloride of gold Au t Cl,, while metallic gold is separated. 

Se^juioxide of gold (often called .mric add on account of it* property of combining with bases) is 
prepared by digesting a hot solution of scsquichloride of gold with magnesia, when aurnte of 
magnesia is formed, which remains mixed with the free magnesia. The deposit is boiled with 
nitric acid, which dissolves the magnesia and leaves hydrated sesqiiioxidc of gold. Aurio acid 
may also lie obtained by saturating a solution of seaiuieliloridc of gold by carlwnoto of soda, and 
then boiling the liquid, when a largo proportion of the gold is precipitated in the state of sesqui- 
oxide, while tho other portion remains in solution, but may be precipitated by successively adding 
to the liquid an excess of caustic potassa aud acetic acid. 
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Hydrated auric acid is a yellow or brown powder, which loees ita water at a low temperature 
and become* anhydrous, while at about 482° it decomposes into gold and oxygen, which reaction is 
also effected by the solar light. Deoxidizing substances, such as the organic acids, or boiling 
alcohol, reduce it to the metallic state; while chlorohydric acid dissolves it and produces tho 
sesouichlorido Au,Cl s . The most energetic oxacids do not form definite compounds with aesqui- 
oxide of gold, while the latter dissolves, on the contrary, readily in cold alkaline solutions, producing 
alkaline aurates which crystallize by evaporation. 

By adding a small quantity of ammonia to a solution of scsquichloride of gold, a fulminating 
sulwtancc is produced, which contains, at the same time, oxide of gold, ammonia, and chloride, and 
whicli, by digesting with an excess of ammonia, furnishes a bright brown powder of still higher 
detonating properties than the first, aud which is a simple combination of sesquioxide of gold with 
ammonia Au,0,4-2NH,+H0. 

Compound* of Gobi with Sulphur . — Although sulphur does not combine directly with gold, two 
sulphides corresponding to the two oxides are obtained by decomposing the semiuioxide of gold by 
sulphydrio acid, which, on being passed through a cold solution of scsquichloride of gold, yields n 
brownish-yellow precipitate, which is the sulphide Au 2 S„ readily soluble in the alkaline sulphides. 
If the solution of the chloride is boiling, a sulphide Au 9 S, of a deep brown colour, is precipitated, 
while sulphuric and chlorohydric acids are formed 2AmCl I +SHB+3HO=2Au t S+UHCl-t-80 t . 

Cvmpuuiuh of Gold with Chlorine . — By dissolving gold in aqua regia a yellow solution of scsqui- 
chloride of gold AujCl, is obtained, which, when allowed to eva|)orate slowly in dry air, deposits 
yellow crystals of a compound of seaquichloricle of gold and chlorohydric acid. If the solution be 
evaporated to drive off the excess of acid, the substance assumes a brown colour, and a deliquescent 
crystalline mass remains, which dissolves readily in alcohol and in ether. 8esq trichloride of gold 
dissolves even more rapidly in ether than in water ; for, if an aqueous solution of the chloride be 
shaken with ether and water, the supernatant ether contains nearly all the chloride of gold in 
solution. The solution of Bcsquichloride of gold in ether was formerly used in medicine under the 
name of aurum f*>tafrile. 

Seaquiehloride of gold forms with other metallic chlorides double crystal lizable chlorides, in 
order to obtain which it is sufficient to mix and evaporate the solutions of the two chlorides. Tho 
formula of the double chloride of gold and potassium, which is deliquescent, is KCl-f Au,Cl,+5HO, 
while the formula of that of gold and sodium is NaCl+AUjClj+iHO, and that of the doublo 
chloride of gold and ammonia is NH,HCl-f Au^Clj-f 2HO. Compounds of chloride of gold with 
the chlorides of barium, calcium, manganese, iron, zinc, &c., are also known. 

Subchloride of gold Au,Cl is prepared by heating the scsquichloride of gold At^Cl, to a tempe- 
rature of about lOt/”, when chlorine iB disen gaged, while a greenish insoluble powder remains. 

Compound of Gold with Cyanogen . — By adding a solution of cyanide of potassium to a concentrated 
hot solution of perchlorido of gold, until the liquid loses its colour, a solution is obtained, which, 
on cooling, deposits prismatic crystals of a double cyanide of gold and potassium of the formula 
KCy-f Au t Cy,. The crystals, which are efflorescent and very soluble, disengage cyanogen when 
subjected to moderate heat ; and when treated with water, a solution is obtained, which, on cooling, 
deposits a double cyanide of the formula KCy+Au,Cy. 

The name of purple of Cassius is given to a precipitate containing gold, tin, and oxygen, which 
is Wed by painters on |K>rcelain and glass, and is prepared in various ways. Its composition 
not being always uniform, chemists are not yet agreed upon its nature. It is generally obtained 
by pouring into a sufficiently dilute solution of scsquichloride of gold, a mixture of pmtochlorido 
and bichloride of tin, the precipitate showing a beautiful purple hue when it is of small bulk, while 
it assumes a brown colour when more copious. 

A purple of Cassius of uniform composition is prepared by dissolving 20 grammes of gold in 
100 grammes of aqua regia made of 20 parts of nitric and 80 of chlorohvdric acid ; driving off the 
excess of acid by evaporation in a water-bath and dissolving tho residue in 7 or 8 decilitres of 
water. Some pieces of tin being placed in the liquid, a purple precipitate of tho formula 
AiijO, 8nO,+8nO, 8nO t +4HO is formed, but which may also be considered as 2Au-f 3SnO f +4HO. 
Tho substance, on being subjected to heat, evolves water alone and no oxygen, while the calcined 
residue presents all the characters of a mixture of metallic gold and stannic acid. But as before 
calcination the substance will not give off gold to mercury, it is evident that the gold did not exist 
in it in the metallic state. 

A beautiful purple of Cassius is obtained by heating suboxide of gold An,0 with a solution of 
stannate of potassa. 

Lastly, purple of Caseins is obtained by fusing together in a crucible 1 part of gold, } part of 
tin, and 4 or 5 of silver, forming a ternary alloy, from which nitric acid extracts the silver, while 
the gold and tin are precipitated in combination with oxygen, and a brilliant purple is formed, the 
shades of which can be changed by altering the relative proportions of gold and tin. 

A solution of sesquichloride of gold stains linen of a pnrple colour, as it also does the skin and 
the organic tissues generally, which colouring is probably owing to suboxido of gold, as friction 
does not restore a metallic lustre to the spots, although they acquire it in a short time when 
exposed to solar light in a bottle filled with hydrogen gas. 

I ^termination of Gold , and its separatum fi'om other metals . — Gold is always determined in the 
metallic state, and is precipitated from its solutions by means of protosulphate of iron, after having 
added chlorohydric acid to the liuuid in order to maintain tho sesquioxide of irou which forms 
during the reaction in solution, llut it is important, in order to completely precipitate the gold, 
that the liquid should contain no nitric acid ; in which case it must be previously evaporated with 
chlorohydric acid. The gold, when collected on a filter, is calcined to redness before being weighed. 

In order to separate gold from the metals previously described, the insolubility of the metal iu 
nitric acid is sometimes relied on, while at otner times all the metals arc dissolved in aqua regia, 
and the gold is precipitated by protosulphate of iron, or, better still, by heating the solution with 
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n certain quantity of oxalic acid ; which latter method has the advantage of not introducing a new 
metal into the liquid. Gold is sometimes also separated by precipitating it in the state of sulphide, 
by sulphydric acid gas, the sulphide leaving metallic gold after calcination. 

Metallurgy of <V'o&/.— Gold is almost always found in the native state, l>eing sometimes pure, but 
more generally alloyed with certain quantities of silver. It occurs in three kinds of bearings ; — 

1. In veins, generally miartziferous. which contain other metallic minerals, as ores of copper, 
lead, silver, and pyrites ; the veins usually traversing the primitive rockB. 

2. In small veins scattered through rocks situated at the separation of the crystalline and 
stratified rocks. 

3. In disaggregated quartrese sands, often extensively seen in alluvial formations, and owing 
their presence to the disintegration of auriferous crystalline rocks which exist in the vicinity. 
The greater specific gravity of the gold prevents its particles from being carried as far as those of 
the other minerals with which it is mixed, and its resistance to the action of the greater port 
of chemical agents preserves it in the state of spangles. Alluvions soils containing gold chiefly 
occur in open valleys between primitive mountains, whoro gold is frequently found in place. The 
principal localities of auriferous sands arc in California, Australia, Brazil, Mexico, Chili, Africa, 
the Ural and Altai Mountains in Siberia — the quantity of gold annually extracted from all of 
which amounted, in 1851, to 178 tons, of which California alone produced 110. Gold is generally 
found in the sand* in the form of spangles, or shapeless and rommed grains, which, when they ore 
of any considerable size, are called rircr or wash gohl (ptfpites). Grains are sometimes found of the 
size of a liazel-nut, and pieces weighing several kilogrammes havo been met with; one lump 
weighing 30 kilogrammes wna found in the Ural. Gold exists in the drift-sand of all rivers which 
arise from or flow over a largo extent of primitive rocks ; and several auriferous alluvito are known 
in France, such as those of the Ariege in the Pyrenees, of tho Gardon in Cevonncs, the Garonne, 
and the Rhine, near Strasburg. It is found in too small quantity to be worked to advantage ; bnt 
tho inhabitants look for it when they would otherwise bo idle, and aro then called fjold-fitulers. 
The spangles of gold scattered through the river-sand arc generally so excessively small that more 
than twenty are often required to mako a milligramme. In SH»eria, sands containing only O' 000001 
of gold are not considered worthy of being worked ; and the Rhenish sands contain, on an average, 
about J of this quantity. Geld oxista also, combined with tellurium, in certain mines of Tran- 
sylvania. An alloy of gold with silver and palladium, in tho form of small crystalline grains, 
occurs in Brazil, and is called auro-powder or auro-dust. Lastly, all pyrites in primitive rocks 
contain a small quantity of gold, nnd are often rich enough to be workcu to ml vantage. 

When gold exists in veins which contain other metals, ns lead, copper, or silver, those metals in 
which the gold is concentrated aro first extracted from tho ores, and the gold is then separated by 
refining, a process presently to l>e described. Tho ore is frequently first subjected to amalgamation, 
as in tho case of silver ores, when tho gold dissolves in the mercury, and, after the liquid amalgam 
has been filtered, a more solid amalgam is obtained, from which tho gold is separated by distillation. 
The ora is then smelted, so as to obtain a matt from which a certain quantity of gold can still be 
extracted. 

Auriferous sands ore washed in the most simple manner, either in wooden tubs, or on inclined 
planes over which a current of water flows, and they are then treated by amalgamation. In the 
Ural, tho auriferous sand is poured into boxes, tho sheet-iron bottom of which is provided with 
openings of 2 centimetres in diameter, and, while a stream of water flows through tho boxes, tho 
workman stirs tho sand constantly with a shovel, when tho finer portions fall through the holes 
and arc collected on largo sleeping tables covered with muslin. The sand is frequently swept 
toward the head of the tabic, where tho gold remains with tho heavier minerals ; and tho sand, 
boing enriched by this washing, is a^nin more carefully washed on smaller tables. Tho titanic 
iron and magnetic oxide of iron being separated by a magnet, tho material is fused in large 
graphite crucibles, at the bottom of which tho gold collects, while tho upper part is filled by a slag 
containing ft quantity of unmelted grains of gold. The slag boing stamped and washed, tho rich 
schlich thus obtained is smelted, yielding an nuriforous lead, from which tho gold is sejiaratod by 
cnpellation. 

In Tyrol a certain quantity of gold is extracted from pyriteB by amalgamating thorn in mills 
resembling that represented in Fig. 3303, several mills being generally placed abovo each other. 
(Tho figure gives ao external view 
of tho upper mill and a section of 
the lower one.) The pyrites, in the 
state of an impalpable powder, is 
suspended in water, and conveyed 
into the upper mill by tho conduit 
G, whence it flows into the second 
mill by the sluice G'. The bod of 
each mill is rnado of a cast-iron 
vessel cdtf, securely fastened on a 
strong wooden table; and in the 
centre of tho vessel is a tubuluro 
traversed by an axis of rotation a b , 
set in motion by the cog-wheel rr\ 

The runner-stone m m' of each mill 
is of wood, and resembling tho 
shape of the bed ; but being about 
2 eentiinMres smaller, is furnished with several sheet-iron teeth projecting about 1 centimetre. 
The upper surface of tho runner-stono is shaped like a funnel, into which is poured the liquid 
mud, which passes between the stones and flows out by the conduit O'. The stones make about 
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fifteen or twenty revolutions a minute; and 25 kilogrammes of mercury aro placed at tho bottom 
of each, making a layer of about 1 centimetre in thickness, against which the teeth of tho wheel 
constantly strike, while at tho same time they stir up tho ore. Tho gold is dissolve*! by tho 
mercury, and, after continuing this process for four weeks, it is withdrawn and filtered through n 
chamois skin, which retains a solid amalgam containing nearly 0110 -third of its weight of gold, 
which is then separate* 1 from the other metals by cupellntion. 

Alloys of Gold . — Gold is rarely used in a state of purity, as it is too soft, and its hardness must 
be increased by the addition of a small quantity of silver or copper, formiug moro fusible alloys 
than pure gold. 

The standard of French pure gold coin is law allowing a variation of aWvo and 

rr^re below; while medals contain 0’91(> per cent, of gold, with the same variation. There aro 
three legal standards for jewellery, the most common of which is while those of -AAft, and 
are rarely used ; and tho legal variation is below tho standard, no superior limit being fixed. 

Gold is soldered with an alloy called red gold , of 5 parts of gold and 1 of copper; an alloy mado 
of 4 parts of gold, 1 of copper, and 1 of silver also being use*]. 

The clear colour of gold is given to jewellery by dissolving the copper which exists in the super- 
ficial layer; to effect which tho articles aro heated to a dull red heat, and dipped, aftor cooling, 
into a weak solution of nitric acid, which dissolves the copper. A thicker coating of pure gold is 
obtained by allowing them to remain for fifteen minutes iu a paste formed of saltpetre, common 
salt, alum, and water ; the chlorino set free by tho action of the sulphuric acid on the salt and 
saltpetre dissolving the copper, silver, and gold, while tho latter metal is again deposited on tho 
article. Tho surfaces are then burnished. 

Separation of Gold and Silrer . — Tho separation of gold anil silver, more generally called the 
refining of the precious met ds, is now done by treating tho alloy by concentrated hot sulphuric aciil, 
which dissolved the silver only. But in order that the alloy may be com plctely acted on, it should 
neither contain moro than 20 per cent, of gold, nor than 10 per cent, of copper, becauso sulphate of 
copper is bnt slightly solublo in concentrated sulphuric arid. The alloys aro fused in crucibles, 
ami when they are too rich in gold, a certain quantity of silver is oddod — silver containing a small 
quantity of gold being preferred. The fuse*! alloy is granulated by Wing poured into water, and 
then placed in a large kettle with 24 times its weight of concentrated sulphuric acid marking 66° 
on the areometer, the kettle being covered with a lid furnished with a disengaging tube. The 
acid, Wing heated to boiling, is partly decomposed, and sulphates of silver and copper are formed, 
while sulphurous acid is disengaged, which is sometimes passed into the lcadcu chambers where 
sulphuric acid is manufactured. When gold coin is to be refined, it is merely roasted. 

After four hours, when the alloy is completely destroyed, there is introduced into the kettle a 
certain quantity of sulphuric acid marking 5>T, and obtained by the concentration of the acid 
mother liquid of the sulphate of copper obtained in refining, as will presently be explained. After 
having boiled tho liquia for fifteen minutes, tho kettle is taken from the fire and allowed to rest, 
when the greater part of the gold collects at the bottom of tho vessel, from which the nearly boiling 
liquid is decanted off into leaden boilers containing the mother liquid arising from the purification 
of the sulphate of copper by crystallization. The boilers are heated by steam ; ami after tho 
sulphate or copper at first deposited is redisaolved, the liquid is allowed to rest for some time, when 
tho whole of tho gold is deposited. The clear liquid is then drawn off by a siphon, and jiaascd 
into other boilers heated by steam, and containing blades of copper, which precipitate the silver in 
the form of small crystalline grains; the metal being in a short time so perfectly precipitated tliat 
the liquid is not clouded by common salt. Tho precipitated silver is carefully washed, and then 
compressed by an hydraulic press into compact prisms, which, after Wing dried, are melted in 
earthen crucibles, furnishing a metal which contains only a few thousandths of copper. 

As tho gold arising from tho first action of the sulphuric acid still contains a certain quantity 
of silver, it is heated anew, in a platinum crucible, with concentrated sulphuric acid, which ^ 
abstracts tho balance of tho silver; a third treatment with sulphuric acid Wing often required/ 
The gold dust, after Wing well washed and fused, contains 095 thousandths of pure gold. 

Tho acid solution of sulphate of copper which arise® from the precipitation of tho silver by 
copper is evaporated in leaden kettles until it marks 40° on the areometer; a large proportion of 
the sulphate of copper Wing deposited in small crystals during tho cooling. After another 
evaporation, tho mother liquid yields an additional quantity of crystals; and the last liquid, which 
refuses to crystallize, is used as a solution of sulphuric acid, and iioured into tho cast-iron boiler, 
aftor this action on the alloy. The sulphate of copper is purified by rccrystnllization. 

When the quantity of gold and silver contained in an alloy does not exceed 0‘ 20(1 or O’ 300, the 
granular material is first heated in a reverWmtory furnace, when a portion of the copper is con- 
verted into oxide, which is dissolved by treating the roasted substance with weak sulphuric 
ncid ; and tho alloy. Wing thus brought to the medium standard of 0’500 or 0*000, may W refined 
by the ordinary process. Tho process of refining gold pursued at tho United States Mint, in 
Philadelphia, is similar to tho method formerly called quartation, and consists in melting gold 
with silver, and thou extracting the silver with pure nitric acid. The deposit of grains of nativo 
gold is first melted with borax and saltpetre, occasionally with soda to removo quartz, and Wing 
cast into a bar, is carefully weighed, accurately assayed to for gold, and from the assay and 
weight tho value of the deposit is calculated. Although a million of dollars may W deposited in a 
day, upon an arrival from California, yet such is tho expedition of the assay deportment, that in a 
few days the deposits are all paid off. As soon os tho gold is assayed, each lb. of it is melted with 
2 11®, of pure silver, and the mixture, after stirring, poured into cold water, by which it is granu- 
latcd, divided into small irregular fragments, presenting a large surface to the subsequent action of 
tho acid. Tho granulations are then put into large porcelain jars of 50 gallons each, of which thoro 
aro about seventy in use, and nitric acid poured in them. The jars Wing placed in leaden-lined 
wooden troughs, containing water, are heated by a steam coil in the water, causing tho nitric acid 
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to dissolve ont the larger proportion of silver. A steam heat is given daring several hoars, and 
the liquid allowed to repose until the following morning, when the solution of nitrate of silver is 
drawn off by a gold siphon, amf transferred to a large vat of 1200 gallons, containing a saturated 
solution of common salt. Fresh acid is then added to the gold in the jiots, already nearly parted, 
steam heat applied again for several hoars, and the whole left again to repose, tin the following 
morning the acid liquid of one of the pots being drawn off and the tine gold removed to its filter, 
fresh granulations of gold and silver arc introduced, and the acid liquid of the adjoining pot, con- 
taining only ft small quantity of nitmte of silver, (toured over it. A fresh charge of gmnulated 
metal is thus first worked by tho yet strong acid, which acted on the nearly fine gold of the 
previous charge. A charge of $800,000 or more is easily worked ofT, refined, in two days, by 4} lbs. 
of parting acid to every lb. of gold. The gold is washed thoroughly on a filter by hot water, 
pressed in a hydraulic press, further dried, melted with copper, and cast into bars, about 2400 ozs. 
troy constituting a melt. After being assayed, they ore then reinclted with the calculated 
quantities of copper or fine gold requisite to bring them to a standard of 900 thousandths fine, 
and cast into ingots. Upon their proving correct in the assay, usually to within of the 
standard, they aro doliverod to bo coined. The chloride of silver, accurately precipitated with a 
alight excess of salt, is filtered and washed thoroughly on large filters, of 3 ft. by 5 ft., and 14 in. 
deep. It is then transferred to lead-lined wooden vats, reduced to metallic silver by granulated 
zinc, and, the excess of zinc being removed by sulphuric acid, washed, pressed in the hydraulic press, 
dried by heat, and remeltod with a new portion of gold. 

This method of parting formerly required 3 parts of silver to 1 part of gold, and the latter con- 
stituting a fourth part of the alloy, tho process was termed quartation. We have, however, found 
that 2 parts of silver to 1 part of gold are quite sufficient ; and if the metal be well granulated, tho 
acid will not leave 10 thousandths of silver in the gold, which is sufficient to prevent the too 
darkening effect of copper in the coin. 

Analysis u mi Assaying of Alloys of Gold. — Alloys of gold and copper may be analyzed by cupelling 
them with lead, and following exactly the same process as descril**! for the cupeliation of alloyB of 
silver and copper. If the alloy contains no silver, the weight of the lump obtainod represents 
pretty exactly tho quantity of pure gold which existed in tho alloy ; but if, as more frequently 
happens, the alloy contains a certain proportion of silver, this lAtter metal remains alloyed with 
the gold after the cupeliation. However, the process of direct cupeliation is attended with sur- 
pluses and losses which sometimes reach 3 thousandths. When the temperature of the muffie 
is very great, there is a small loss arising from the absorption of a small quantity of gold by the 
cupel ; and when the heAt is too low, the gold retains a small quantity of oopjier and lead ; although 
gold loses less by volatilizing than silver. 

In order to determine exactly the quantity of gold existing in a ternary alloy of gold, silver, 
and copper, it is cupelled at a moderate heat with a certain Quantity of silver and lead, in order to 
obtain an alloy of silver and gold, from which the latter can be perfectly separated by means of an 
excess of nitric acid, which dissolves the silver and leaves the gold puro. In order, however, to 
ensure exact results, there must be a certain ratio between the quantities of gold and silver ; because, 
if the proportion of silver be too small, tho nitric acid docs not dissolve it entirely ; and if, on tho 
contrary, tho quantity of silver be too great, the silver and copper are completely dissolved, while 
the gold separates in the form of powder, which it is difficult to collect without loss. Experience 
has shown that tho most favourable conditions for the assay, commonly called tho parting ( depart), 
consist in reducing the alloy to J of gold and f of silver, in which case it is completely acted on, 
while the separated gold preserves tho form of the original alloy, and does not bocomo divided, if 
the operation be carefully conducted. This ojperation has received the name of quartation. 

The proportion of lead to be added, which varies with the standard of tho alloy, is indicated 
in the following Table ; — 


SUncUnl of gold alloyed 
with copper. 


Quantity of lead ncce*tary to be added, 
to entirely remove the copper by cupeliation. 


1000 thousandths 
900 „ 

800 „ 

700 „ 

600 „ 

500 „ 

4001 


3001 
200 1 
100 J 


1 part. 
10 ports. 
16 M 
22 „ 
24 „ 

26 „ 

34 „ 


Let us suppose that the standard of a piece of coin is to bo determined, the legal standard of 
which, which may lie regarded as its approximate standard, is The quantity of alloy usually 

operated on being 0*500 gramme, containing according to tho legal standard O l.iO gramme of 
gold, therefore 1 *350 gramme of silver and 5 grammes of lead must be added. But if an alloy is 
to be assayed, the legal standard of which is entirely unknown, the first stop is to ascertain the 
latter by approximation, by means of the assay by the touch-needle, about to be described, after 
which the process is continued as usual. 

The lead is first placed in the heated cupel, and when it is in fusion, the mixture of gold and 
silver is introduced, having been previously weighed and wrapped in a piece of paper. Tho 
cupeliation is allowed to go on as usual, aud requires less care than the cu[Hdlation of silver, 
because silver alloyed with gold is not liable to blister; but the cupel should lie removed immedi- 
ately after tho lighting, to avoid loss by volatilization. The lump is removed after cooling, 
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flattened under a hammer, annealed for a few momenta, and then rolled between cylinders ; after 
which the sheet thus obtained is rolled into a spiral form, and subjected to the action of nitric acid 
in a small assayer's flask, Fig. 3304, into which 30 grammes of nitric acid of 22°, Bourne's Uydro- 
meter, are poured, and boiled for twenty minutes. The acid is then decanted and replaced 
by 30 grammes of pure concentrated uitric acid marking 32°, which is boiled for ten 33M * 
minutes ; when the acid is decanted, and the gold, which has preserved the shape of tho 
alloy, washed several times. The flask being afterward completely filled with water, its 
mouth is closed with the thumb, and it is inverted, when the spiral sheet of gold falls 
slowly through the liquid column, ami is received in a small earthen crucible, after which 
the water is poured off, and the crucible heated to redness in the muffle. 

The acid should not be too concentrated, because the gold might be divided. When tho 
assay has been made with the precautions indicated, tho gold remains in the form of a 
spongy, brown, and very friable moss, of nearly the same volume as tho original alloy ; but it con- 
tracts considerably when heated in the small crucible, becoming harder and assuming tho lustre 
and colour of malleable gold. The calcined gold being exactly weighed, the standard of the alloy 
is thus obtained within nearly 1 thousandth. 

Direct assays made on known alloys of gold and silver have shown that the operation, when 
carefully performed, as just described, can give rise only to the following errors ; — 


6 


True standards of tlic alloy. 

Standards found. 

Differ cacti. 

900 

.. 900*25 .. .. 

.. .. -f 0*25 

800 

.. 800*50 .. .. 

.. .. +0-50 

700 

.. 700 00 .. .. 

.. .. 0*00 

600 

.. 600 00 .. .. 

.. .. 0*00 

5(H) 

.. 499*50 .. .. 

.. .. -0*50 

400 

.. 399*50 .. .. 

.. .. -0*50 

300 

.. 299*50 .. .. 

.. .. -0*50 

200 

.. 199*50 .. .. 

.. .. -0*50 

100 

.. 99*50 .. .. 

.. .. -0*50 


The assay just described cannot be applied to fine jewellery, because tho article would bo 
destroyed by the process, and gold jewellery is therefore subjected to a test called the assay by tho 
touch-needle, which does not injure it, and yet enables a skilful nssayer to determine its standard 
within nearly 1 thousandth. The method consists in rubbing the object against a very hard 
blnok stone, on which it leaves marks, from the colour of which, and their behaviour when moistened 
with a mixture of nitric acid of a density of 1*34 with 2 per cent, of ehlorohydric acid, the assayer 
forms an approximate opinion of the standard of the alloy. The black stone used, called touch- 
stone, is a Kind of quartz, coloured with bitumen, which formerly was imported from Lydia, but 
has likewise been found in Bohemia, Saxony, and Silesia. The conditions essential to & good 
touch-stone are : — An intense black colour, incapability of being acted ou by acids, hardness, and 
a sufficient degree of roughness to retain some of the gold. 

The assayer is provided with a series of small Maries, called touch-needles, consisting of alloys 
of copper and gold, the standard of each of which is exactly known, which enable him to compare 
the marks they leave on the touch-stone, before and after tho action of the acid, with that of tho 
alloys to be assayed. 

No regard should be paid to the first marks left by the articles on the touch-stone, as they aro 
mode by the superficial layer, and always show a higher standard, because tho surface consists of 
pure gold; and several marks should therefore be made, the last of which only is examined. 
Alongside of these marks others are made with that touch-needle tho composition of which 
approaches nearest to that of tho article ; when a gloss rod, dip|icd in the acid, is drawn over both, 
after which the colour of each mark and the manner of action of tho acid are examined. 

See Alloys. Amalgamating Machine. Amalgamation Pan. Assaying. Atomic Weights. 
Batka. Battery. Boring and Blaming. Buddle. Drainage. Electro-Metallurgy. Founding 
and Casting, p. 1551. Furnace. 

Works on Gold: — J. Calvert, ‘The Gold Rocks of Great Britain and Ireland,’ 8vo, 1853, 
8. Dovison’s ‘Gold Deposits in Australia,’ 8vo, cloth, 1861. J. Arthur Phillips. * Tho Mining and 
Metallurgy of Gold and Silver,’ royal 8vo, 1867. Silversmith, ‘Handbook for Miners,’ 12 mo, New 
York, 1868. R. B. Smyth, ‘The Gold Fields of Victoria,’ 4to, Melbourne, 1869. W. P. Blake, 

‘The Production of the Precious Metals,’ 8vo, New 

York, 1869. Von Cotta, ‘ Treatise on Ore Deposits,* 
by Prime, 8vo, Now York, 1870. P. M. Randall, 

‘The Quartz Operator’s Handbook,’ 12mo, 1871. 

GONIOMETER. Fr., Uoniometre; Gkr., Gonio- 
meter ; Span., Gonidtnetro. 

Various instruments termed goniomoters are em- 
ployed in tho measurement of the angles of crystals. 

Two kinds are in use — tho common or contact gonio- 
meter, and the reflecting goniometer. The first class 
only of instrument is here described, as it will suf- 
ficiently answer every purpose of tho mining mine- 
ralogist. Tho moat simple form of instrument, Fig. 

3305, consists of a graduated brass semicircle, on 
which two metallic cross-blades are fixed. One of 
these cross-1 >1 odes, a 6, is fixed at the zero of tho division ; the other. df t is movable, and denotes 
on the circle the angle of the crystal. In order to measure a dihedral angle, one of its faces is 
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applied (o the fixed cross-blade ab, in such a mnnner that the edgo of the angle is perpendicular 
to the plane of the circle ; the movable cross-blade is then adjusted until its prolongation rests 
upon the outer face of the angle. It is evident thnt the angle comprised between the two cross- 
blades, and which is directly indicated on the circle, is the measure of the angle sought 

The two cross-blades a </, d /, slide in the grooves i K, g A, d n, so ns to admit of the ends c a and 
cd being made as short as is required. This condition is indispensable, ns it is often necessary to 
measure very small crystals, which can only be introduced easily between the two cross-blades 
w hen their free ends can be very much shortened. 

This form, however, of the common goniometer has many inconveniences. The oltecrvations 
are rendered difficult from the fnot that the crystal under examination 1ms to be held with ono 
baud, and the instrument w ith the other. Moreover, in holding it before the eye, to ascertain if 
the cross-blade is in perfect contact with tho crystal, continual vacillations and disturbances are 
produced, which render anything like a correct observation very difficult. These inconveniences 
are overcome by tho use of a fixed instrument. The crystal under examination is also fixed on a 
support, so thnt both hands arc at liberty. This instrument, Fig. 3306, consists of a semicircle 



fixed on a rod a b, supported by columns p p. Tho rod a 6 can be moved horizontally, from right 
to loft, iu the grooves cc, in which are placed small friction rollers, so as to render the movement 
as easy as possible. The fixed semicircle carries another,/ y, movable on the centre <>, and divided 
into degrees; h • A is a vernier which also moves on the centre, but behind the movable semicircle 
between it and the fixed, to which it can be at any time fastened, and in any required position, by 
the thumb-screw k; this vernier gives the minutes. Im is a blade whose movement carries round 
the circle fg ; q is a small stem, the function of which is to support the crystal r, which is firmly 
fastened with wax. It is so arranged that it can bo lengthened or shortened, be inclined either 
from or towards the operator, and callable of turning on itself. It is supported on a small movable 
platform m, running between tho rods s w'hich form a groove. The piece t r, seen on tho side of 
tho apparatus, is n sight, which, applied against ono of tho rods *, when the platform is drawn 
sufficiently forward, enables the operator to judge if the edge formed by tho two faces of tho crystal 
is exactly horizontal, and if it be perpendicular to the plane of the circle. 

To measure a crystal it must l>c firmly fixed on r, and the movable platform brought forward ; 
the sight must now be placed against tho rod s, and the upper part raised or lowered as needed ; 
looking from ubovc, it can be seen whether the edge of the crystal is parallel to the edge r, in 
which case it is perpendicular to the plane of the circle. If the parallelism bo not perfect, tho 
rod q is turned on its axis until the proper position is attained. The crystal must then be viewed 
through the opening x, and the «une angle adjusted horizontally, which can bo effected by 
inclining the rod cither one wny or the other ns required. 

When the crystal is properly adjusted, the movable platform is pushed under the circle. Tho 
blade l m is now to bo moved, and at tho some time the rod « 6 is to be pushed cither to tho right 
or left ns may be found necessary, so thnt the edge of the blade may 1*3 in perfect juxtaposition 
with the faeo of the crystal ; when this has been accomplished, the vernier is carried to the end of 
the movable semicircle, where a small cleat stops it exactly at zero; it is then fixed by the screw k. 

This done, tho platform is drawn from under the circle, and tho blndo passed in the contrary 
direction to that which it before occupied; tho platform replaced, and the blade brought info 
juxtaposition with the other face of the crystal; this accurately done, the stem and crystal are 
removed. 

By this Bocond application of the blade to the crystal the semicircle has tumod. and tho point 
where it stops indicates the measure of tho angle, which is read on it in degrees ; the vernier 
furnishes the minutes. 
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GOUGE. Fr., Gouge ; Ger., Ilohlmeissel ; Ital., Sgorbia; Span., G tibia. 

8ec Augers. Hand-Tools. 

GOVERNOR, Steam- Eng ink. Fb., R&julateur; Ger., Regulator; Ital., Regolatore ; Span., 

Regulador. 

How the action of centrifugal force is utilized in the construction of stcam-cugino governors is 
fully investigated iu our article, Angular Motion, p. 101. 

Roby and Ricfuirdums Governor, Figs. 3307, 3308. — This invention consists in mounting the 
governor on the crank-shaft, with which it revolves, and causing it to act directly upon the slide- 
valve eccentric, so as to regulate the quantity of steam that shall bo 
admitted during the stroke according to the work done by the engine ; 
and as no throttle-valve is needed, steam can at nil times bo taken 
into the cylinder at nearly boiler-pressure, and thus do the same 
work ; a much earlier cut-off is attainable and many advantages 
gained. 

The eccentric A, Fig. 3307, lias a rectangular slot cut in it parallel 
to a line connecting its two centres of forward and backward motions. 

The slot a 6 fits over a square part of the crank-shaft, upon which it 
slides at right angles to the crank by which it is driven. It is held 
in position on this squnro by two wedges D E, shown in Fig. 3308. 

Fig. 3308 also shows the position of the governor on crank-shaft ; the 
boss F is fast on the shaft, while G is free to slide towards F. When 
the bolls expand to this slide G the wedges D E are iixed. When the 

3303. 




halls expand by their centrifugal force the wedges am drawn out, and the eccentric slides upward in 
tin direction of the arrow, Fig. 3307. T7ie travel of the valve is reduced, the anglo of the eccentric 
with the crank is altered so as to mako the cut-off earlier whilo the lead remains constant. 

Clayton awl Shuttfarorth’s Governor , Fig. 3309. This is a simple form of centrifugal governor 
employed both to portable and stationary engines, but especially to the former class of engine. 
Motion is imparted to the vertical spindle, through the mitre-wheels and pulley by a plain leather 
belt, from the crank-shaft of the engine. As the speed increases the centrifugal force causes tho 
balls to expand, and through a proper arrangement of links and sliding sleeve, tho balls raise 
the forked lever, which in turn, by means of the link and quadrant, closes tho throttle- valvo in the 
steam-pipe, thus instantly checking the speed of the engine. The speed of tho engine being 
checked, the speed of the governor is also checked, and the throttle-valve opened to a corresponding 
extent. As in ordinary governors, by u proper adjustment of the quadrant, the throttlo-valvo is 
set so that tho speed of the engine may be rendered uniform under any variation of work. 

N. P. Burgh, in his useful work on Marine Engineering, observes “ Tho changes of speed 
being so sudden, it is obvious that in designing a governor for a marine engine, such an arrange- 
ment should be adopted as would have an action extremely sensitive, powerful, and prompt in 
affecting the valve. Modifications of the old two-ball governors were first tried, and nftorwnrds 
balanced four-ball governors. The first failed, as the governing action of tho balls was destroyed 
by the motion of the vessel. With tho last, in which tho bolls ore arranged to balance each other 
in such a way that the action of the instrument is not affected by tho same cause, it is apparent 
that wheu the sudden acceleration of speed in tho engino takes place, tho inertness of the balls 
resisting the sudden motion may prevent the prompt action on tho valvo. 

“ Attention being drawn to tho subject by this conclusion, a governor, consisting of a fly-wheel 
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looso upon ft shaft, was next applied for the purpose. There are aeveral varieties of these governors 
in use, and the following is on explanation of the governing principle on which the action of moat 


such speed regulators properly depends. 

“ Presume ns nti illustration that a 
fly-wheel is fitted loosely on a shaft 
driven by ft connection with the engine, 
which shaft rotates with a velocity that 
varies exactly as the speed of the engine 
varies. The slight friction resulting 
from the loose fit of the fly-wheel suf- 
fices to import to it in n short time — 
almost instantaneously — the same velo- 
city as that of the shaft. Some mecha- 
nical contrivance or circuit of connection 
between the fly-wheel and throttle-valvo 
is so adjusted that, while both shaft and 
fly-wheel rotate at tho same velocity — 
that is, the normal or proper velocity of 
the engines — the throttle-valve is held 
open. But the instant a sudden increaso 
of engine-speed occurs, the relative velo- 
cities and position of fly-wheel and shaft 
ore changed, and a differential velocity 
is created, the revolutions of tho shaft 
becoming a little in excess of those of 
the fly-wheel, because the slight friction 
between the ahaft and the fly-wheel is 
not sufficient to impart instantly to tho 
latter the suddenly increased velocity 
of the former. This advance of tho 
motion of the shaft shortens the mecha- 
nical circuit of the connection between 
tho fly-wheel and tho throttle-valve, 
and by bo operating, closes the valve. 
Again for exemplification, when from 
throttling the steam or from other 
causes ft diminution of the engino speed 
occurs, the revolutions of the shaft are 
a little below those of tho fly-wheel, 
and the circuit of connection lengthens 
and the valve opens. It is thus evi- 
dent that tho cssontial means for af- 
fecting the valve iH, the existence of 
a differential velocity of the fly-wheel 
and shaft, and that by this is produced 
tho necessary amount of to -and -fro 
motion in tho mechanical circuit of 
connection between tho fly-wheel 
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and valve. It therefore follows that 
the more simple the means by which 
the connection is formed, providing 
that it be at the some time suffi- 
ciently powerful, or capable of rn 

easily communicating the result of t j 

tho differential velocity, tho more \ 

reliable, sensitive, and efficient will \ [ {jOj) j 

bo the regulative action. An ox- \ 

ample of a wheel - governor by \ 

Meriton is represented by Fig. n I 

3310. Both the inertia and tho fU ml 

momentum of tho fly-wheel are K . l_ 

taken into consideration, as the go- / II y -J (T~ > F\ 

verning forces. Tho contrivance is I f yy /aX fi 

that a shaft, made wholly or par- 11 1 I 

tially hollow, is cut through at por- I j ■ — 'L— . * 

tions of its surface, so as to form U ' 

two spiral guides or double-acting 

inclines, irpon this hollow shaft 7 v vrr/-' 

is fitted loosely a heavy fly-wheel - 

having at the boss an elongated J i j 

cylindrical chamber with guides cut 

spirally through its surface, so ns to J 

form also double-acting inclines. ^ vz&J 

In the interior of tho hollow shaft is a short spindle attached to a lever for working tho valve. 
This short spindle has a pin passing through it in snch a manner that tho ends project and form 
two studs, which fit into holes cut through or in the inner surface of a ring, which ring has also 
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forged upon its outer surface two stud*. The two pins or studs within the circle of tho ring pass 
through tho spiral guides of tho hollow shaft to the short spindle connected with the lever working 
the valve ; and the two Btuds without the circle of tho ring puss into tho spiral guides in the 
cylindrical chamber forming part of tho fly-wheel. 

“ The next example worthy 33 U, 33 i X 

of attention embracing many of 
the features before alluded to 
is Messrs. Miller and Knill’s 
governor, illustrated by Figs. 

8311, 3312. The main parts 
consist of a fly-wheel with an 
inclined face on the end of tho 
boss ; a separate portion corre- 
sponding with tho inclined end 
of tho boss is looso or slides on 
the shaft, and is connected to 
tho lover in communication with 
tho throttlo- valve. The action 
of tho component jmrts is as fol- 
lows : — On on increased motion 
being communicated to the 
shaft by tho pulley from tho 
main cranked or engine shaft, 
the sliding boss closes tho 
throttle- valve ; should the speed 
of tho engine decrease, the spring 
attached to the lever causes tho 
sliding boss to move in a reverse 
direction, and thus the throttlo- 
valve is opened. It may be added, 
in passing, that the fly-wheel, 
although loose on the shaft, is pre- 
vented from making more than 
half a revolution, by centrifugal 
force, by suitablo stops being 
formed on the back of the boss, 
and corresponding stops on the boss 
of the pulley. It is presumed that 
the extreme simplicity of this ar- 
rangement prevents the liability of 
the details in question becoming 
disabled. 

“ Silver’s namo in connection 
with marine governors is well 
known, and the ball governor in- 
vented by him is illustrated by Fig. 

8313. It consists of a spindle sup- 
porting two arms, which cress each 
other, and are loaded at their 
extremities by balls of metal. Tho 
arms are connected by links to the 
sliding collar, and the motion, forth 
and back, is communicated to the 
throttlo-v&lve by tho lever and rod. 

To ensure the return action of the 
sliding collar a spiral spring is 
wound round the spindle, and a sot 
collar regulates the power requisite 
by compressing or expanding tho 
coil. 

14 Silver has also invented an- 
other type of governor, termed a 
momentum - wheel governor, and 
illustrated by Fig. 3314. This 
arrangement is a wheel with four 
vanes fixed on tho boss of a pinion, which works loosely on the spindle and gears into two 
toothed sectors, these sectors being supported on a cross-head mode fast to and snpi>ortcd by the 
spindle in opposite directions on the pinion; and. os they are linked by tho rods to the sliding 
collar, a communication with the throttle- valve by the lever and rod is certain. 

“ When the spindle of the governor or nautical regulator is turned by tho engine to which it 
is attached, the two toothed sectors, which are carried on the fixed cross-head, being geared into 
the pinion on the momentum-wheel, have the tendency to turn round on this pinion ; but ns they 
are linked to the sliding collar, they necessarily pull inwards this collar, and so compress the 
spiral spring, and this spring reacting* on the collar, and consequently on tho toothed sectors, serves 
to turn round the momentum-wheel, while tho vanes on the momentum-wheel balance the action 
of this spring by the resistance tho atmosphere offers to their progress through it. As tho leverage 
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action of the toothed sectors tiixm the momentum-wheel pinion increases, ns the spring becomes 
distended, nnd rice crow, it will bo seen that the reaction of the spring in propelling the momentum- 
wheel will at all times be uniform, and ns much only is required ns will carry round tho 
momentum-wheel with its vanes at its proper speed, and overcome the friction of working 
the throttle-valve and throttle-valve connections. When the momentum-wheel is in motion, it 
will rotate with the engine to which it is attached, at a velocity proportioned to that nt which it is 
fixed by the connecting gear; and while the engine from the usual causes may attempt to vary this 
velocity, it cannot affect the momentum-wheel, but leaves it free to act upon the sliding collar, 
and consequently upon tho throttle-valve — at one time closing the throttle-valve by its action in 
resisting any increase of velocity, and at another time opening the throttle-valve by its action 
in resisting any decrease of velocity on the pert of the engine. It will now be evident that tho 
power of such a governor or regulator must be very great indeed, having for its agent a momentum- 
wheel which may be increased to any dimensions; and from the powerful resisting tendency of 
Bnch wheel, it necessarily follows that its sensitiveness of action must also be very great, and in 
exact proportion to the tendoncy of the engine to vary its speed ; and the engine itself being tho 
direct prime mover of the throttle-valve, it also follows that the inert power of the momentum- 
wheel increases its resistance exactly in proportion to tho rapidity with which tho engine varies its 
speed.” 

Ftircofs Marine^ngin* Governor, Figs. 3315 to 3317. — This governor has four balls, 6 \ h l 6 1 , 
these being attached to arms d d\ and these arms being, in their turn, connected by the rods c c* 
with tho sliding collar /. The arms 3315. 3318, 

carrying tho bolls turn on the centres 
a a and «• n 1 respectively, and tho upper 
pair of balls are made slightly heavier 
than tho others, so that they not only 
balance the latter, bnt the weight of the 
attachments also. Tho halls arc thus 
placed in equilibrium as far as their 
weight is concerned, and the centrifugal 
force generated by their rotation is re- 
sisted ny the transverse springs r, which 
Are furnished with moans of adjustment, 
by means of which their tension can be 
varied. 

The sliding collar / has formed in 
one piece with it tho two cams </ and 1, 
these, of course, rising and falling on 
tho central spindle according to tho 
variations in the position of the gover- 
nor-halls. Tho upper cam <j is of tho 
shape shown in the sectional plan, and 
by it the cut-off of the steam is regu- 
lated, the point of tho stroke of the pis- 
ton at which the cut-off occurs depending 
upon what part of tho cam g is brought 
into contact with the tamict ». Tho 
tappet * is formed on tho spindle y, 
which tarns in the frame A, and from 
this frame tho motion imparted by the 
com g is transmitted to the expansion- 
valve. Tho governor-spindle makes two 
revolutions to each revolution of the 
crank-shaft, so that the cam g is pro- 
vided with one projection only. 

The lower cam 1 is merely a conic 
frustum, and its object is to govern tho 
speed of tho engine by means of tho 
throttle-valve when, from tho motion of 
tho engine being reversed, or from other 
causes, the tappet a is thrown out of 
gear with the upper cam </. The cam » 
acts upon the tappet C, which, like the 
tappet *, is formed on the short spindle 
y, and it will bo seen from the engrav- 
ing that, by turning this spindle, either 
of the cams g or 1 can bo brought into 
operation at pleasure, the spindle • being 
seenred in the required position by the 
set screw 7. In tho engraving the cam g 
is shown in gear. When the cam i is in use, the amount of opening given to the throttle- valve of 
course depends upon the diameter of that portion of the cam which beara against the tappet /, this 
opening remaining constant throughout tno whole revolution of the governor, so long os the balls 
do not alter their position. The too rapid movement of the governor-balls is prevented by a piston 
attached to the sliding collar Aand made to work in the air-cylinder /, this cylinder being furnished 
with & ptuunge nt p , leading from one end to the other. The sectional area of this passage, and 
consequently the facility with which air can be transferred from one side of the piston to the other, 
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can be varied by means of the screw », and by this means the speed with which an alteration in 
the nositioos of the balls can take place can bo regulated. 

Bco Angular Motion. Brake, p. 062. Details of Engines. Engines, Varieties of. 
Marine Engine. Pumps and Pumping Engines. 

GRAPHIC DIAGRAM. Fr., Diagram grapfiujue ; Geii., Graphisches Diagram; Ital., Dia- 
gramma ; 8 pan., Didgrama grdfico. 

The method of scientific analysis or investigation, in which the relations or laws involved in 
tabular numbers are represented to the eye by means of diagram $, is termed the graphic method ; 
and, in such cases, the diagrams employed oro called graphic diagrams. It is necessary here to 
describe the ordinary graphic diagram in which, when employed to show the daily changes of the 
weather, the abscissas of tho curve represent the hours of tfio day, and the ordinates, the corre- 
sponding degrees of temperature. Bee It. 13. Hennessey’s method, pp. 406, 41G. 

The graphic diagram. Fig. 3318, employed by P. W. Bhoafer to trace tho progress of tho 
nnthracitc coal trade of Pennsylvania deserves attention. 
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GRATE. Fr., Grille ; Ger., Rost ; Ital., Grata; Span., Jlcja. 

See Boiler. 

GRAVING DOCK. Fr., Forme de radoub ; Ger., Trockendock ; Ital., Bacino a secco ; Span., 
Astiilero. 

See Dock. 

GRAVITY. Fr., Grant/; Ofr., Schwerkraft ; Ital., Grarita; Span., Graredad. 

Centre of Gravity . — The centre of gravity is the centre of the parallel forces due to weight. 
The weight of each molecule of a solid body is a vertical force acting in a downward direction. 
The resultant of these forces is the total weight of the body ; and the centre of the parallel forces 
takes the name of centre of gravity. As a matter of fact, the common direction of the forces cannot 
be made to vary here ; but we may, which amounts to the some tiling, vary the position of the 
body with respect to the vertical ; and the centre of gravity is the point through which the resultant 
of the weight of all tho molecules constantly posses, whatever the position of the body may be. 
If the centre of gravity is one of the points in a solid body, we may conceive the weight of all tho 
molecules replaced by a single vertical force equal to thc-ir sum and applied to tho centre of 
gravity. But if the centre of gravity is situate outside of the body, we can conceive this substitu- 
tion only by supposing tho point to be invariably fixed to tho system of bodies, a supposition which 
is made use of for the purpose of simplifying demonstrations, data, or formula), but to which no 
idea of reality can bo attached. It is for this same purpose of simplifying enunciations and 
formula) that wo sometimes extend the notion of a centre of gravity to a system which is not solid. 
There exists in this case no force capable of producing by itself the effect of the weight of the 
various molecules which make up the system : but it is often convenient to introduce into calcula- 
tions the resultant which these forces would have if the system were to become instantaneously 
solid, and consequently to consider the point through which the resultant would constantly pass 
if the system, without changing its form, changed its position with respect to the vertical, in other 
words, the centre of gravity of this system. In tho remarks which follow wo shall assume that tho 
body in question is solid. 

Bodice are, in reality, composed of molecules separated from each other; but, in socking the 
centre of gravity, we consider them as formed of a continuous matter. The effect of this inode of 
viewing the Buhjoct is merely to misplace, by qualities infinitely small, the (K>ints of application 
of the vertical forces considered, an error which in no way affects the result. 

I. If /), p\ Ac., denote the weight of the elements of the volume of a body, x, y, ?, x\ y\ z\ 

x", y", Ac., their co-ordinatee with respect to three rectangular nxes, P the total weight of the 
system, ami X. Y, Z, tho co-ordinates of the centre of gravity, wo have, by taking tho moinouts 
successively with respect to tho throe co-ordinate planes, 


whence wc deduce 


PX = /> x + p'x' + p”x" + . . . = 2/>x, 
P Y = p y + p‘ y' + p"y" + . . . = 2/>y, 
P Z = p z + p' x' -f p" z" + . . - = 


Z px 
— * 


Y = 


P ’ 


Z 


*P* 

P 


to 


formula) which determine the centre of gravity when wo know tho total weight of tho system, and 
know also how to calculate the sums which appear ns the numerators of these fractions. 

II. When tho body under consideration is homogeneous^ that is, when its parts, however small 
we may suppose them, have a weight proportional to their volume, the position of the centre of 
gravity in the body becomes independent of the nature of this body, and its discovery is merely a 
matter of geometry. If wc call tlie volumes of the various elements of the body c, c' f r", Ac., the 
total volume V, and the weight of the unit of matter of which its body is composed n, wc shall 
have p = n r, />' = n s', p" = n c" . . . , P = n V, and the formula) [1] will become, by cancelling 
in the numerators and the denominators tlie common factor n, 


_ 2c* It y _ Zvz 

A ~ y • 1 — V * /a ~ V ’ 


[ 2 ] 


formulae which no longer depend upon tho nature of the body, but only upon its geometrical form. 

If one of the dimensions of the body were infinitely small with respect to the other two, so that 
the l)ody was reduced to a surface, tho quantities r, r , c", Ac., would denote the elements of this 
surface, and V its total area. If two dimensions were infinitely small with respect to the third, so 
that the body was reduced to a line, e, c', c", Ac., would represent the elements of this line, and V 
its total length. 

The formula) [2] would still hold if c, v\ v", Ac., instead of representing the infinitely small 
elements of the volume, area, or length, expressed by V, represented the finite partB of this volume, 
area, or length, provided that x, y, *, were then the co-onli nates of the centre of gravity of r ; y\ z\ 
tho co-ordinates of the centre of gravity of v\ and so on : for tho weight of each part may be 
considered as a vertical force applied to its centre of gravity. Consequently, the moment of tho 
total weight is equal to the sum of the moments of the partial weights; and in the case of 
homogeneous Itodies, the moment of the total volume is equal to the sum of the moments of the partial 
volumes, if by the moment of a volume with respect to a plane, we understand the product of this 
volume by the distance from its centre of gravity to this plane. Applying this theorem successively 
to the three co-ordinate planes, and dividing by the total volume V, wo fall again upon tho 
equations [2]. 
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m. To simplify the labour of finding tho centre of gravity In homogeneous bodies, recourse may 
bo had to the following propositions; — 

1. If the body can 09 decomposed into a number of part* having their centres of gravity in the same 
plane, or on the sons straight line , the centre of gravity of the whole body will likewise be in this same plane 
and upon this same straight line. For we may sup|»oso tho weight of each part applied to the centre 
of gravity of this part ; wo have then to compose a system of forces parallel and in the same 
direction, whose points of application are situate, by the hypothesis, in the same piano or on tho 
same straight line. But according to the construction which determines the centre of parallel 
forces, this point will itself 1 * situate in this plane or on this straight lino ; and this point is the 
contra of gravity of the whole body. 

2. If the body has a plane of symmetry , its centre of gravity is in this plane. It is evident that the 
centres of gravity of the two [tarts of the body separated by the piano of symmetry are symmetri- 
cally placed with respect to this plane. But these centres of gravity may bo considered ns the 
points of application of the weights of the two parts, that is, of two muni forces, parallel and in 
the same direction. The resultant of these two forces panes therefore through the middle of the 
straight lino which joins their planes of application, and that, whatever the position of tho body 
with respect to the vertical inny be; this middle is therefore tho centre of gravity of the body. It 
is evident, besides, that this middle is in the plane of symmetry. 

8 . If the body has an axis of symmetry , its centre of gravity is upon this axis. For an axis of 
symmetry is always the intersection of at least two planes of symmetry. 

4. If the body has a centre of shape, its centre of gravity is m this p>Ant. For a centre of shapo is 
tho intersection of at least two axes of symmetry. 

5. IF# may substitute for the elements of volume, area, or length, which make up the system under con- 
sideration, other elements of volume, area, or length, proportional to them, provided they h>ice their centres 
of gravity in the mono points. For tho centre of the parallel forces is not changed by substituting 
for the given forces, other forces proportional to them and 

applied to the same points. 33 !^ 

IV. We will now pass on to the consideration of tho 
methods of finding the centre of gravity of the principal » *LJP 

figures, and we will begin with lines. 

The Straight Line . — The centre of gravity of a straight line >/( V*; * c 'v 

is in its middle ; for this middle is in the plane of symmetry / j j \j \ 

perpendicular to tho straight line. a C- — i — j — i Aa 

A Regular Ilroken Line . — Let A m npg B, Fig. 3319, be a 5 i |\ 

regular broken line, A B its chord, 0 tho centra of the in- III \ 

scribed circle, and O C its axis of symmetry. Mere the centre - — ^ — - 7 -j ■ — '~r~ , — - 

of gravity sought, O, will !>e upon OC; we have to find tho * A w K ff O BF 

distance G O. Draw through the centre X V parallel to tho 

chord A B ; and project upon this parallel line the summits of tho broken lino, by means of tho per- 
pendiculars A A', m m\ B B\ Let I bo tho middle of Hny part m n ; join I O. Draw I K 

perpendicular to X Y. and m h parallel to this line. Let x be tho distance 1 K from the centre of 
gravity I of tho part m n, to the straight lino X Y, and X the distance O G. If wo take tho 
moments with respect to a piano drawn through X Y perpendicularly to the plane of the broken 

line, we shall have, from tho formula! [2], X = or X = ^ . 

Tho similar triangles I K 0 and mhn give mn;IO = mA;IK, whence mn.IK = IO.mA; 
consequently, X = - ; or, as I O, the radius of the inscribed circle, is a factor common to all 


the terms of the numerator, and ns m'n' may be substituted for m h, X = 


-. Bat J m'n'. 


or the sum of the projections of the sides or parts of tho broken lino upon X Y is A'B', which is 
equal to AB; and V is here the length AmnpgBof the broken line. We may therefore write 

O G = - , that is, the distance from the centre of gravity of a broken line to its centre is a 

A mnpq B 

fourth proportional to the length of this broken line, its chord, and the radius of the inscribed circle. 

Circular Arcs. — Tho preceding proposition Is independent of tho number of parts in the broken 
line ; it is therefore true if this number becomes infinitely great, that is, if the broken line becomes 
an arc of a circlo calling the length of tho developed are L, its chord C, and the radius of tho 

inscribed circle, which in this caso will be confounded with the arc itself. R, we havo X = ♦ 

L 

We tuny therefore affirm that the centre of gravity of an arc of a circle is upon its axis of symmetry, 
and its distance from the centre is a fourth proportional to the arc , ill chord, and the radius. For a half 
. . • .j , ~ R . 2 R 2 

circle we should have X = — — - = - R. 

T K IT 

Curves. — If the curve is plane, let y = / (x) be its equation with respect to two rectangular axes 
traced in its plane, and let as be an clement of the curve, corresponding to the co-ordinates x and y ; 
the equations of tho moments will give, calling a the developed length of the curve from the point 
the abscissa of which is x # to the point the abscissa of which is x„ 


3 . X = J* 1 xds t and »Y = J * 1 yds. 
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But wo have dt = dxj 1 + [/' (jt)j' ; conacqiumtly, deducing the values of X aud Y, it will 
become 


/ *'xdxjl + [/*(*)]* 

X — x * 

J: dx V 1 + If (*)]> 


and Y = 


' /(*)<»* Vt + [/•(»)]• 

J: O* VT T[7w? 


If tlio otnrre has a double curvature, lot x = <p (z) and w = ^ (i), be its equations with respect to 
three rectangular axes; let s bo again the developed length of the curvo from z = z, to x = t,. 
We shall have by the theorem of the momenta, 

* X = j * xds, »Y = C ‘ yds, 8 Z = / ‘idj; 

*0 t/*0 1/ *0 

but here = («)]* = [>' Deducing the values of X Y, Z, wo have 

j *' <p (*) dz Vl+Cf («)? + [*' (*)]* 

^ _ '» # 

/ *' + («) d , Vl + [<.'(0? + [+'(«)/ 

Y _ y -n 

J,’ ‘ rf* vi + [*•(')?+ cfwr 

z * d r a/ l + [t'wr + [*’(«)? 

J\*gi + [♦■(*)]* + trwr 

V. We will now consider the centre of gravity of plane figures. 

Rectangular Figures .—' The centre of gravity of a rectangular figure is its centre of shape, that is, 
the point of intersection of its median or bisecting lines, which are axes of symmetry. 

The Parallelogram . — Let A BOD, Fig. 8820, be a parallelogram. Draw the diagonal BD, which 
will divide it into two equal triangles. Let g and o' be the ceutres of gravity of these triangles ; 
draw g p and g' p’ perpendicular to B D, and let O be the middle of 
the diagonal B D. Without knowing the position of tho points g 3W0 - 

and g' with respect to tho two triangles to which they belong, wo a e 

may admit that as these triangles are equal, their centres of gravity /NT ] 7 

would coincide if the triangles were placed one upon the other. / J’ / 

Wo have therefore g p = g' p and Op = Op\ consequently tho / / 

angles p O g and p' O g' are equal, and g O = g' O. Therefore gOg' / g U ^\ / 

is a straight line, and the point O is the middle of it. But the Z \/ 

weights of tho triangles A B I) and B D 0 may he considered ns * t> 

applied to g and <f \ the point of application of their resultant, tlmt 

is, the centre of gravity of the parallelogram, is therefore situate in the middle of tho straight 
line gg\ that is, in the point O, which is tho middle of the diagonal B D. Thus the centre of gravity 
of ti parallelogram is in the middle of the diagonals, which is also their point of intersection. 

The Triangle . — Let ABC, Fig. 8321, bo a triangle. Bisect B C anil join A I. Draw b c and de 
parallel to BC; and 6 6' cc', dtf, ce' parallel to A 1, which passes through the middle of 6c aud de, 
and also of 6'c' and dV, since 6'J = 6<f and ec = «'c. Tho centre of 3321 

gravity of tho parallelogram 6 6' e'e is therefore situate upon the straight * A 

line A L, in the middle O of tho portion of this straight lino included A 

between 6 c and J e. Likewise the centre of gravity of tho parallelogram / \ 

d' dee is Bituate upon A I, in the middlo of tho portion of this straight line / \ 

included between 6c and de, that is, in the Bamo point O. But the nearer / \ 

the straight lines be and de are together, tho smaller is the difference of , / / \ 

tho parallelograms 66'c'c and <fdee ' with respect to each other; and I y s r 

consequently the more they tend to bo confounded with each other, and , yl f ° j y 

with the trapezium 6 dec included between them. Therefore, when tho y*‘ / •T’ 

distance between the straight lines 6c and de is infinitely small, we may / \ 

consider the tra(>czium 6 dec as confounded with one of these parallels o j 1 * c 

grams, and wo have consequently its centre of gravity in the same point * 

O upon A L It follows from this that if wo conceive the triangle decomposed by lines parallel 
to B C into trapeziums infinitely narrow, all of theso trapeziums may be considered as haring their 
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centres of gravity upon A I. Therefore, in virtno of the principle I established aljove, the centre 
of gravity of the triangle A BO is situate upon A I. 

Thin being proved, and wo might prove tho samo for any other bisecting line, taking another 
sido as a base, it follows that the centre of gravity of a triangle is in the point in which the three bisecting 
lines intersect each other. 

Let A I and BH, Fig. 3322, bo two of these bisecting linos, and G their point of intersection. 
Join I H. The triangles I G H and A G B being similar, we shall have the 
proportion IG:AG = IH:AB. But tho triangles I C II and BO A being 332a> 

also similar, we shall have I H : A B = I C l BC = 1 ! 2, therefore, by reason A 

of the common relation, I G : A G = 1 : 2, whence we deduce Ay. 

IG:IG + AG= 1 : l + 2,or IG: A = 1 :8. /\\ 

that is, I G is a third of A I. Therefore the centre of gravity of a triangle / \ \ 

is situate upon the straight line which joins the summit to the midtile of the l*ise y / 1 \h 

and one-third of this line distant from the base. j \ /f\ 

Tho centre of gravity of a triangle possesses a property which is worthy j j \ 

of being known. Suppose applied to the three summits, throe equal forces, / \ j \ 

parallel and in the same direction, the common intensity of which wo will j / \ j \ 

represent by P. lteqaired tho point in the triangle through which tho iL A 

resultant of tho three forces passes. Tho law for the composition of forces B 1 c 

will give us, first, for the two forces P applied in B and C, a force 2 P applied 
in the middle I of BC; and for this force 2 P applied in I and the force P applied in A, the 
resultant is found by dividing tho distance A I in tho inverse proj»ortion of these forces, that 
is, in tho inverse proportion of the numbers 2 and 1, which will give the point G. Consequently 
the centre of gravity of a triangle may be regarded as tho point of application of the resultant 
of three equal forces, parallel and in tho same direction applied to tho three summits respectively. 

Trapezium . — Let A BDC, Fig. 3323, lx? a trapezium. Produce the sides that are not parallel 
till they moot in S ; join this point to tho middle 1 of tho baso A C. The lino 8 1 will pasB tlirough 
tho middle II of tho base BD. It may bo shown from the principles 
employed above that tho centre of gravity of tho trapezium must bo 3323. 

upon the straight line I II. Bnt if we draw tho diagonal A D, and S 

determine tho centres of gravity g and g' of tho two triangles A B D /jt 

and ADC into which the trapezium has boon resolved, tho centre of /,' \ 

gravity of the trapezium must also bo upon the straight lino gg\ since / / \ 

the weight of the trapezium is tho resultant of tho weights of the two / / \ 

triangles. Tho centre of gravity required is therefore in G tho point / 1 \ 

of intersection of the straight lines I II and gtf. / j \ 

It may bo remarked that tho lino gtf is divided at tho point O in B / 

tho inverse proportion of tho weights, or of the surfaces of the two / \ 

triangles. But these triangles Are equal in height ; tho lino g g' is there- \ 

fore divided in tho inverse proportion of tho bases A D ami B C. It 1'' * \ 

may sometimes be required to know tho proportion of the segments a i c 

G 1 and G H of tho bisecting line I H. To ascertain this, proceed 

as follows. The proportion required is the same as tho proportion of tho distances from the 
point G to the two bases. Let x and y bo the»o distances, and A = ar + j/ tho height' of 
the trapezium. Denote A C by B and B D by b. Apply to the weight of tho trapezium ami to 
the weights of the two triangles BAD and A C D tho theorem of the moments, taking first as tho 

S lane of the moments a plane upon the line A C perpendicular to the plane of tho trapezium. The 
istancea from tho centres of gravity g and g to the plane of the moments, or, which amounts to 

the samo thing, to A C, will be - A for the triangle D A C and | h for the triangle BAD. Wo shall 
u 3 

have therefore, substituting for the weights tho areas which correspond to them, 

ABDC.x = DAO- ; * + BAD- 1 A, or A BD C . * = i A«(B + 2b). 

0 9 V 

. Taking the moments with respect to a piano upon B D perpendicular to the plane of tho 
trapezium, and observing that the distance from the points g and g' to B D is ^ h for tho first, and 

^ h for tho Bccond, we shall have likewise, 

ABDC.y = DAC.§ h + BAD. i A, or A BDC. jr = l »’(2B + 6). 

9 S 6 


Dividing member by member the two equations thus 
, . j a G I B + 2 6 

obtained, we find - or — = m a h o 

y GH 2B + b 'V. 7 1 

This formula leads us to the following construe- \ 

tion:— Produce DA, Fig. 3324, by a quantity AM \ 

equal to B C ; produce B C in the contrary direction / s — 

by a quantity C N equal to A D ; join Bl N, which / 

will cut I H in tho centre of gravity G. Accordingly L 1 

, G I IN *B + 6 B + 26 rich 

we bavo (TH - MH = B TP = 2BTi - “ “* c formuIa m V ,ilaL 

If the bases B and b differed infinitely little from each other, B + 2 b would be sensibly equal 


Digitized by Google 



1708 


GRAVITY. 



to 2 B + 6, and we should have sensibly G I = G II, that is, the point G would bo in the middle of 
the bisecting line I H. This is what happens in the case of the elementary trapeziums considered 
in the demonstration relative to the centre of gravity of the triangle. 

Any Quadrilafmxd. < Let ABCD, Fig. 3825, be a quadrilateral. Draw tho two diagonals, 
which will intersect each other in the point E. Let I bo tho middle of the diagonal A C ; join D I 
and B I. Toko upon these straight lines tho points g and <f 
at a distance of one-third of their length from tho point I: 
these points will be tho centres of gravity of the triangles ADC 
and ABC. Consequently, if we join them by a straight lino 
gg\ the centre of gravity of the quadrilateral will Is? upon this 
line, and will divide it in inverse proportion to the surfaces 
of tho triangles. But these triangles, which have the same 
base A C, are to each other ns their heights, or os the lines D E 
and B K which are proportional to them. Wo ought therefor© 
to have, if G is the point sought, G</ l Qg* st B K I D E. 

To fulfil this condition, it is sufficient to take BH, equal to 
DE,and to join the point H to tho point I by a straight lino 
cutting gg’ in tho roquired point G. For wo snail have 

G?:Gj‘ = DH:BH = BE:DE. 

It may be remarked tlwt we have also I G : I H = Ig ! I D, and that consequently I G is a third 
of I II. Hence the following construction; — Draw the two diagonals AC and BD meeting each 
other in E: take upon one of them the length B 11 equal to the segment DE; join the point H 
thus found to the middle I of the other diagonal, and take upon I II a third from the point I. The 
point G thus found will be the centre of gravity of the quadrilateral. 

The Polygon. — To find the centre of gravity of any polygon, divide it into triangles ; determine 
the areA and the centro of gravity of each one of them, and Apply the construction, which gives the 
centre of parallel forces. 

A Regular Polygon. — The centre of gravity of a regular polygon is its centre of shape. 

The Circle.— The centre of gravity of a circle is its centre. 

The Circular Seder. — Let A OB, Fig. 3326, be a circulnr sector. Conceive the are A B which 
forms the base divided into a large number of equal |iarts, and radii drawn to all the points of division. 
The surface of the sector is then divided into a large number of 33 28> 

equal elementary sectors, as M O N ; and as the arcs, such as o 

M N, are supposed to be very small, these sectors may be con- 
sidered as rectilinear triangles. From the j>oint O as a centre 
with a radius equal to 1 of the radius O A, describe the arc 
a b ; this arc will l>c divided by the radii, such as O M and O N, 
drawn to the points of division of the arc A B, into the same 
number of equal {Arts, as mn; which may be considered as 
straight lines parallel to the corresponding elements of the arc 
A B. The centre of gravity of the triangle M O N is in the 
middlo » of the straight line m n drawn parallel to the base at f 
of die distance between the summit and thisbAso; for this jioint 
» is on the bisecting line that would be drawn from the point O, 
and at a distance from the summit of 1 of this line. But tho point 
{ is also the middle of m n ; and the same may be said of the other elementary triangles. In 
virtue of the principle V established above, we may therefore substitute for the superficial elements, 
as M O N, the linear elements as m a, since they are proportional to them, and have their centres of 
gravity in the same points. It follows from this that the centre of gravity of the circular sector is the 
same as that of the arc a h described from the centre O with 1 of the radius. This centre of gravity is 
therefore npon the line which bisects the angle A OB, at a distance p from tho centre indicated 

by tho expression p = — — - . But O a = ^ O A, a 4 = ^ A B, amic^AMB; we may 


§§ 




mm 



■ 2 [ 


therefore write p = - 


a mb 

OA . AB 


3 

— , that is, to find the centre of g rarity of a circular sector, find the 

centre of gravity of the arc forming the base, join this point to the centre , and take ttco-thirds of the joining 
line, reckoning from the centre. 

2 R . 2 R 4 

For a acmicirclo with a radius R, wc should have p = * - — or p = - — . R. 

Circular Trapezium . — Let A Bio, Fig. 3326, be a circular trapezium. Denote the radii O A 
and O a by R and r, and the angle A O B by a. The centre of gravity sought G will lie upon tho 
bisecting line O K: for the centre of gravity g of the sector aOb and the centro of gravity g‘ of 
the sector AOB ore upon this line, and the weight of the sector AO B is the resultant of tho 
weight of the sector aO b and that of the tmjx ziurn A B 6a. Through the point O draw a plane 
perpendicular to OK; and let X V represent this plane upon the plane of the trapezium ; hiking 
the moments with resj)cct to this plane, we have AOB.Oy = a06.0/+ A lUu.OG, whence 


OG 


A O B . O g — a O 6 . O g' 
AOB -aO~6 


Bui, A O B = ^ R 3 a, o06 = ^b, Og= ? . on d O y 1 


2 r . 2 r sin. $ a 

3 r a 
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substituting and reducing, «<• got 

nn - 2 R ‘~ r * 8ip ->* 

~ 3' R* — r* }“« 


or OG = 2 . P-± R r + rJ . . 

H K + r i a 


Denoting half tho sum of tbo radii R and r by p and half their difference by e t which gives 
R = p + e ami r = p — e, wo may put tho abovo expression under tho form 




which is often convenient for use, especially in finding tho centre of gravity of the voossoirs of a 
semicircular or segmental vault. 

A Fiijure bounded by a Curve. — Wo will consider, in the first place, a trapezium ABDC, Fig. 3327, 
bounded by any curve A B, the equation of which ia given by the axis of the j^s and by two ordi- 
nates, A C and B D, corresponding to tho abscissat n and b. This trapezium may be considered as 
composed of an infinity of rectangles, as SI P P' I, having os their height the ordinate M P or y, and 
as a baso the infinitely small iucrease P P' from the abscissa, or d x. Tho distance of the ccntro of 

gravity of this rectangle from tho axis of tho y’s is equal to x -f - dx, and its distance from tho 
axis of the x'a is \ t y ; wo shall have therefore, calling tho area of trapezium ABDCA, and 

1 C h /*6 1 fb 

neglecting - d x before x, A . X = / xydx, and A.Y = / -- y’.rfx, besides A = / ydx. 

1 J <i J* 1 J<x 

Putting for y its value in * and integrating, we have tho coordinates X and Y of the centre of 
gravity sought. 




332*. 


8 

A 



m' 


X 




ft' 


N 


I r 



Suppose, in the second place, we have to consider the area inolndcd between two curves A B 
ami A' B', Fig. 3328, the equations of which are given, and the ordinates corresponding to tho 
abscissas OB = <i, and O D = 6. We shall consider the proposed area as made up of an infinite 
number of rectangles, as M \ N' M\ having as a base tho infinitely small increase PP' or dx, frtun 
the abscissa, and for height tho difference M N between the ordinates MP = y and Nr = y’ of tho 
two curves corresponding to the same abscissa x. Tho distance of the centre of gravity of this 

rectangle from the axis of tho y’s will be again x + - dx, or simply x\ and its distance from the 
axis of tho x’a will be ^ (M P + N P) or ^ (y + y'). We shall havo therefore, calling the area 


AB'BA'A, A 


. X = x (y — y')dx, and A . Y = C 

J “ r , 

A = / (y-y^dx. 


(y + y*) ‘(y — if)***', besides 


Putting for y and \f their values in x and integrating, wo obtain tho co-ordinates X and Y. This 
calculation is evidently applicable to the case in which the curvo A' B' is a second branch of tho 
curve A B, and consequently to the determination of tho centre 
of gravity of the area included under a closed curvo tho equation 
of which is given. Y ^<TTN. 

If we have to consider an area enclosed by an irregular 
curve, or ono whoso equation wc do not possess, we may mako 
use of the following method; — Draw lines parallel to tho axes, — ^ 

Fig. 3329, at equal distances apart, these distances being small c V ■ 

enough to allow us to consider the portious of tho contour included 

between two consecutive parallels as sensibly rectilinear. Tho . " i!u; | 

whole figure is thus divided into squares, rectangular trapeziums - i • j i 


and rectangular triangles, figures whoso areas and centres of 
gravity we are able to determine. Taking the moments of these 
partial areas with respect to the two axes and summing, we get 


the momenta of the total area ; and as this total area is the sum of tho partial areas, by dividing 
the moments found by this total area, wo obtain the co-ordinates of the centre of gravity with an 
approximation that increases as the space between the parallels decreases. 
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VI. Wc have now to determine the centre of gravity of cnnrcd surfaces. 

Surfaces of llcrolutiun . — Let O X, Fig. 3327, Ik? tho axis of revolution, and A B the generating 
line, or generatrix, whose equation is supposed to be given ; nd let O C = <* and (.) D = b be the 
abscissa) of the planes peipendicular to the axis OX serving as limits to the surface. Divide this 
surface by planes MP, 5iF, perpendicular to the axis of revolution, into infinitely small zones, 
which may be considered as .surfaces of frusta of cones. Let x and y be the co-ordinates of the 
point M, and s the arc A M of the generatrix. We shall have as the expression of tho surface of 

tho frustum generated by the element MM' or d s, ^ ^2 x y + 2 x (y -f d y)^ Js or 2 ir y d s, by 

neglecting the infinitely small dy before the finite quantity y. 

The centre of gravity of this elementary zone is situate uj*>n the axis of revolution betwoen tho 
points l* and I*', and consequently its distance from the point O is expressed by x -f- c dx t t denoting 
a fraction. The centre of gravity of tho whole surface is likewise situate upon the axis, and, calling 
its distance from the point O, X, and the area of tho surface 8, wo have, by the theorem of tho 

J rt> C b 

2 x y . d s (x + « d x) = 2 x I xyds, by neglecting « d x before x. Wo 

a -. J a 

liave besides, 8 

ordinate y and its derivative y' by their values in x and integrating, wo obtain the distance X. 

We should thus find that the centre of gravity of the surface of a oosn or revolution is situate 
upon its axis, at a distance of one-thinl of its length from the base. We should see in like manner that 
the centre of gravity of the surface of a frustum of a cone is situate upon its axis of revolution, and 

that it divides it into two portions x and y, the expression of whoso ratio is — = t — ~~ , where 

y K + 2 r 

It denotes the radius of tho larger base and r the radius of the smaller. 

Spherical Zone. — In tho case of a spherical zone we have y = It’ — x s , whence t/ — — * — » 

J R s - x* 

_____ 

ami 1 4. y* = . . It follows from this that yds = Kdx, and 


= 2ir J* yds. 


Therefore, putting for ds its value dxn/l + y’*, replacing tho 


V B*-x* 


1 = 2 » Bt/x = 2 » B (6 — o). 


We have further, S X = 2 x 




(A* _ I 

xdy = 2 x B - — - — - ; consequently X = - (b + «). 


This valuo is tho abscissa of tho middlo of tho axis; consequently the centre of gravity of a tone 
is the middle of its axis. 

Any Surface whatever . — Let z = <p(x ,y) tho equation of the surface, ami 8 the area ine]ud<«I 
between the limits assigned, a and n' for x, A and o for y. Tho expression of the clement of surface 
is (IS = dxdy J 1 + [?>', (x,y)]* -f [<p' f (x,y)j*, and the whole surface is expressed by 


-JCT 


</ z d y J 1 + if', (x, y)T + [>', (x, y)]>. 


8Z = ff ,JS. 


We have further, by tho theorem of tho moments, 

8X = //xdS, 8Y = //yrf8, 

Substituting for <i8 and z their values in x and y. and integrating 
between the limits indicated, we obtain the values of tho co-ordinates 
X, Y, Z, of the centre of gravity required. 

VIL It remains for us now to consider tho centre of gravity of 
volumes. 

The Prism . — Let ABCDEA'B'C'D' E\ Fig. 8330, bo any prism. 

We may conceive this prism divided, by planes parallel to the bases, 
into equal and infinitely thin sections. These sections will havo 
their centres of gravity similarly placed, since they are equal to each 
other. All their centres of gravity will therefore be upon tho same 
straight line G G # parallel to the lateral edges ; consequently the centre 
of gravity of the whole prism will be upon this line. Again, it will 
be in tho middle g of this line; for the weight of these sections will be 
equal and parallel forces applied in equidistant points of OG', and 
consequently, as we may consider the line G G' loaded with weights 
uniformly distributed throughout its length, tho point of application 
of their resultant is in the middle of this length. The centre of gravity 
g of tho prism is therefore situate in tho section abode parallel to 
the bases and equally distant from them. It is also the centre of 
gravity of this section. Suppose the whole prism decomposed into in- 
finitely small triangular prisms, as M X PM' N' l 1 ', having their edges parallel to those of tho given 
prism; and let mnp be the section of one of these elementary prisms by tho plane abode. Cou- 
ceivo a piano P perpendicular to the bases of the prism, aud take the moments of tho elementary 
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prisms and of the whole prism with respect to this plane. Denote the height of the prism by A, 
the area mnp by a, the distance of tho centre of gravity of the elementary prism from the plane P 
by j\ the distance of the centre of gravity of the triangle mnp from the same piano by x' ; tho 
distance of tho centre of gravity of the whole prism by X, and that of the centre of gravity of tho 
polygon abode by X’. It may be remarked that i and /' can differ only by an infinitely small 
quantity «, since the centres of gravity of tho elementary prism and of the mean section arc both 
situate in the infinitely Brnnll triangle n» n say x* = x + i. Representing the area of tho polygon 
a 6 c de by (l, wo have A n . X = 2 A » . x, whence fl X = 2 w r, ana flX' = J«(i+i), or, neglecting 
tho infinitely small e before the finite quantity 2ux=nX; whence X' = X. 

Thus the centro of gravity of tlm given prism and that of tho section abode are at tho same 
distance from the plane P; and as this piano is any plane perpendicular to the baseo, it follows that 
the two centres of gravity coincide. Consequently the centre of gravity of a prism is that of the 
section parallel to the bases and equally distant from those bases. 

The same demonstration applies to right and obliqiio cylinders. 

The Tetrahedron. — A demonstration analogous to tho above may be applied to tho tetrahedron, 
and generally to the pyramid and tho cone. Hut on account of the importance which the research 
for the centro of gravity of the tetrahedron possesses, it will be well to apply to it a special geome- 
trical method. Let A BCD, Fig. 3331, be the given tetrahedron. 

Join tho point A to tho centre of gravity I of the opitosito face. 

Draw the plauea b cd, efh, parallel to BCD; and tho straight 
lines bb\ oc\ dd\ ee\fj t A A', parallel to A I, and terminating in 
these planes ; join 6' c, c' cf, 6a, and c'f, f A', r A*. 

The straight lino A I being drawn to tho centre of gravity of 
the base BCD, passes through the centres of gravity o and o’ of tho 
sections bed and efh; for tho point A is their common centro 
of similitude. The triangular prisms bed, 6' c* <f, ef A, e’ f A', the 
lateral edges of which are pantile 1 to A I, havo therefore both of 
them their ceutre of gravity iu the middle of o o'. Bnt tho nearer 
the sections bed, ef h, are together, the more will tho truncated 
pyramid bed efh, included between the two prisms, tend to con- 
found itself with each of them. Therefore, when the distanco 
o o' is infinitely small, we may consider the truncated pyramid as 
confounded with ono or tho other of these prisms, and that conae- 

X iently it has its centre of gravity in the same point upon the line 
I. It follows from this that if wo conceive tho tetrahedron 
decomposed, by planes parallel to B C D, into infinitely thin truncated pyramids, all these tmn- 
catcd pyramids may be considered as haring their centres of gravity upon the lino A L Therefore, 
iu virtue of principle I, the centre of gravity of the tetrahedron A B C D is situate upon the same 
lino A I. As the samo result would bo arrived at if we took auother face us a baso, it follows that 
the centre of gravity of a tetrahedron is in the point of intersection of the straight lines drawn from each 
summit to the centre of gravity of the opposite face. 

This being established, let O, Fig. 3332, be tho middle of the edge B C ; draw A O and D O, 
take O H equal to a third of A O, and O I equal to a third of O D. The points II and I will bo 
respectively the centres of gravity of the forces ABC and 
BCD. Draw A I and D H. These straight lines which are 3332. 

both in the piano A O D, will meet iu a point G, which will 
bo the centre of gravity of the tetrahedron. But, if we dmw 
I H, the similar triangles I G H and A G D will give tho 

f roportion IG:GA = IH : AD; but the similar triangles 
0 H and A O D also givo IH: AD = OI;OD = l : 3 ; 
therefore, on account of the common proportion, I G :GA = 

1 : 3, whence I O : I G + G A = 1 11+3, or I G l I A 
= 1:4, that is, I G is a fourth of A I. Thus the centre of 
gravity of a tetrahedron is situate ujxm the straight line which 
joins the summit to the cadre of gravity of the base, at a distance 
of one-fourth of this line from the base. 

It may bo remarked that if through the point G wo 
draw a plane parallel to the base B C D of tho tetrahedron, B 
this point will be the centre of gravity of tho section deter- 
mined by this plane ; SO that the centre of gravity of a tetra- 
hedron is that of the section parallel to its base , at a quarter 
of the distance between this base and the opposite summit. 

Suppose the points A, B, C, D, to be the points of application of four equal and parallel forces 
the common intensity of which we will represent by I*. To compose these four forces, we may first 
compose the two forces I* applied to the points B and C, which will give a force 2 P applied to the 
middle O of BC. We shall have, further, to compose this force 2 P applied in O with the force P 
applied in D; to do this we must divide tho distance O D in tho inverse ratio of these forces, that 
is, in the inverse ratio of the numbers 2 and 1, which will givo the point I, tho centro of gravity of 
the base BCD. lastly, we shall havo to compoeo the force 3 P applied in I with the force I* 
applied in A ; to do this we must divide A I in the inverse ratio of the numbers 3 and 1, which 
will give exactly tho point G. 

Consequently the centre of gravity of a tetrahedron is the point of application of the resultant of Jour 
ccpuUforces, parallel and in the same direction applied to the four summits respectively. 

The four forces P may be composed in another way. Wo may first compose the forces P applied 
in B and C into a single force 2 P applied iu the middle O of B C. W T o may then compose the two 



3331. 

A 
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other forces P applied in A and D into a single force 2 P applied in the middle K of A D. It will 
remain to compos** the force 2 P applied in O with the force 2 P applied in K, which will give a 
force 4 P applied in the middle G of the straight line O K. The point G found in this way must 
evidently be tho same as that which has been found by another method of composition. Therefore 
the centre of gravity of a tetrahedron M in the middle of the straight line which joins the middles of ftco 
opposite edges. As there are three analogous right lines joining the middles of two opposite edges, 
it follows from what wo havo just said that these three right lines cut each other in the middle ; 
which is indeed a known theorem in geometry. 

Truncated Tetrahedron.— Let ABODE P, Fig. 3333, l>e the given frustum. It may be demon- 
strated. as in tho case of the tetrahedron, that the centre of .gravity must be upon the straight 
line I H which joins tho centres of gravity of the two bases. 

Let G be this point ; it remains for ns to determine the ratio of 3m 

the lengths G I and G H, or, which amounts to the same thing, * v 

the ratio of tho distances from the point G to the planes of tho 
two bases. Let x and y be these distances ; then x + y = A 
the height of the frustum. Denote tho base ABC by B, and 
tlie base D E F by 6. Decompose the frustum into throe pyra- 
mids by the piano's AEG anti A E F, as would be done in find- 
ing its volume; and take successively the moments with respect 
to the two liases, noting that the distances from the centres of 
gravity of these partial pyramids to the bases D E F and ABC 
1 *3 3 

are respectively ^ A and — h for tho pyramid A D E F, — A and 

7 A for the pyramid E A B C, and ? A and * A for tho pyramid 

E A F C, as its centre of gravity iB in the middle of the straight line which would join the middles 
of the opjiosito edges E F and A 0. Wo shall have therefore, by first taking the moments With 
respect to the base DEF, 

ABCDEF.* = ADEF.^A + EABC.?A + EFAC.~A, 

4 4 2 



ABCDEF.i = i*'(S + 3B + 2VB(). 


Then taking the moments with respect to the base ABC, wc shall have in like manner 

ABCDEF.y = ADEF. |* + EABC.iA + EFAC.ii, 

or ABCDEF.y = i** (34 + B + 2VTT&). 

Dividing tho two equalities member by member, and simplifying, we find 

x _ G I _ h + 3 B + 2 y'l u 
y “ HO - 36 + B + 2^B4 


[A] 


The bases B and b may be replaced by the squares of their homologous edges, since they are 
proportional to them ; calling these edges A and a, wo get 


GI 

HG : 


a* + 3 A* + 2 A a 
3 a«-f A* + 2 Aa' 


3334. 

S 


It may be remarked that when the two bases are infinitely near, 
they differ infinitely little from each other, and that G I is then sensibly 
equal to G H, that is, the centre of gravity iB sensibly in the middle of 
tho straight line which joins the centres of gravity of the two bases. 
This was what occurred in the case of the elementary sections under 
consideration when we were seeking the centre of gravity of the tetra- 
hedron. 

Any Pyramid . — Let SABCDE, Fig. 3334, be a pyramid with 
any base. Decompose it into tetrahedrons by the diagonal planes 
A&C and ASD. At a distance from the base equal to a quarter 
of the height of the pyramid, draw a piano abede parallel to this 
base. This plane will contain the centres of gravity y, g', <?", of the 



as the triangles a 6c, acd, ade , proportional to these bases. There- 
fore, if wo suppose applied to the points y, <f, g‘\ weights equal to 
those of the corresponding tetrahedrons, these weights would be at the same time proportional to 
tho areas of the triangles a be, acd, ade. Hence it follows that tins point of application nf the 
resultant of these weights is no other than the centre of gravity of the polygon abede. But it 
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may bo easily seen by simple similitudes of triangles, that tho straight line which joins the summit S 
to the centre of gravity 01 tho base A BC 1) K of the pyramid, passes through the centres of gravity 
of oil tho sections, as abode , parallel to this base. Therefore the centre of gravity of any pyramid 
is upon the straight line which joins the summit to the centre of gravity of the base, at a distance of one* 
fourth of this tine from the base. 

This theorem extends to a cone, whether right or oblique, and with any base, since such a body 
is a pyramid whose base is a polygon with an infinite number of infinitely small sides. 

Truncated Pyramid. — If the frustum of the pyramid be decomposed into frusta of tetrahedrons, 
their upper banes will be proportional to the lower, and generally to the sections made by the same 
plane {parallel to the bases. Hence it follows that the ratio of the distance* from their centres of 
gravity to the two bases will Ik? the same for each of them, and that consequently their centres 
of gravity will be in the same plane parallel to the bases, and determined by the formula [A] given 
above for the frustum of tetrahedron. The contra of gravity of the whole frustum of the pyramid 
will therefore be also in this plane. Again, the partial truncated tetrahedrons having the same 
height, and proportional bases, are to each other ns these bases, or as the sections mode by the plane 
containing the centres of gravity of the partial tetrahedrons. Therefore the centre of gravity of a 
frustum of the pyramid is ujmju the straight line which joins the centres of gravity of the two bases , ami it 
divides this line in the p ropor t ion expressed by the formula [A] relative to the tetrahedron , the letters It 
and b denoting in this ease the bases of the frustum of the pyramid. 

This proposition extends to the frustum of the cone; and the bases of B and b being in this 
case proportional to tho squares of their radii It and r, we have, still denoting by x and y the seg- 
ments determined by the centre of gravity sought upon the straight liuo which joins the centres of 

. 4 . x * r* + 3R*+2Br 

gnmty of the two !««,- = ^ + - „, • 

The Sphere. — The centre of gravity of a sphere is its centre of shai*e. 

A Spherical Sector. — Wo may conceive the sector divided up into elementary pyramids, all of 
them having their summits in the centre of the sphere. The centre of gravity of each of them will 
be upon the radius drawn to the centre of gravity of the element of spherical surface which serves 
a* its base at a distance of | of this radius from the centre. Suppose on auxiliary spheriehl surface 
described, with n radius equal to $ that of the sphere, and terminated in tho cone which limits the 
sector, which spherical surface will be similar to that which forms the base of tho sector. This 
auxiliary surface will cut all the pyramids, and tho section obtained in each of them will have its 
centre of gravity at the same point as the pyramid. Hence it follows (Principle V) that the centra 
of gravity of the sector is the same as that of the auxiliary surface, and that consequently it is in 
the middle of the axis of this auxiliary zone. If U is the radius of the sphero and h the height of 

9 8 

the spherical surface which forms the base of tho Bector, - R and - h will be the radius and the 
height of the auxiliary portion. Calling the distance from tho centre of gravity of the sector to 
the centre X, we have therefore X = - r R — - h) . If the sector is half a sphere, we have A = R, 

g 

and consequently X = — R. 

A Body terminated by a Surface of Revolution . — Left O X, Fig. 3327, be the axis of revolution, and 
y — f (x) the equation of the generating line A B. We may regard the whole volume as composed 
of elementary cylinders, as M 1* P' 1, having as a radius M P = y, and a height P P’ = dx. The 
expression of one of these elementary cylinders is v y’rfx. If therefore we put 00 = a, and 
O I) = 6, the abscissa) of the planes perpendicular to the axis serving as limits to the body under 

Pb 

consideration, wo shall have first, Y = w I y*dx, V being the volume of the body. The centre 

of gravity is upon tho axis of revolution at a distance X from the origin, which will be given, in 

f*b 

virtue of tho theorem of the moments, by tho relation VX = t / y* x d x. Replacing y by its 

value and integrating, we obtain the unknown distance X. 

A Ho<iy terminating in any Surface . — Suppose tho body included between the two given surfaces 

= F (x, y) and r, — / (x, y), the planes x — a, x = a', and the plane* y = b, y = 6'. The element 
of the volume is the rectangular parallelepiped dxdydz ; tho total volume V is therefore 
expressed by the relation 

/v rv Pz. /v rv 

V = / A / dxdydz = [F (x, y) — f(*,y)]dxdy. 

Wc have further, taking the moments of these elements with respect to tho throe co-ordinate planes, 
VX =J “ J^ b J'f' dxdydz =J^ [F(x,y)-/(x,j,)]xdx.rfy. 

"-rx‘7; 1 y dxdydz -ff [ S(x,y)—f(,*,y)]dx.ydy. 

• v Z =J'f J'h C*' .dxdydz =J'“ J'h I I [F(x,y)J> - [/(x,y)j> | dxdy. 
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Any Volume. — In certain cases, in earthwork for example, it may be required to find the centre 
of gravity of a wholly irregular figure. W© will suppose the case of a mound given by tho 
projections of the curves of its level. Tho first step is to compote the area included under each of 
these curves. Let h be the distance of the consecutive planes of these curves. If this distance is 
not too great, and the curves do not vary too abruptly, we may consider each section included 
between two consecutive planes as a truncated pyramid, the volume of which may bo determined 
by the known rule. Find the centres of gravity of the two bases; tho centre of gravity of tho 
section will be upon the straight line which joins these two centres, and it will divide this line in 
tho proportion expressed by the formula [A]. Knowing thuHthc volume and the centre of gravity 
of each section, take the moments with respect to a horizontal piano and with respect to two 
rectangular vertical planes, and the rectangular co-ordinates of the centre of gravity of the mound 
will Im> obtained. 

VIII. The centre of gravity possesses various properties, the most important of which is 
expressed by Guidin' s Theorem. 

1. The volume of a truncated cylinder is equal to the product of its right section by the distance 
between the centres of gravity of its two bases. Suppose, in the first place, the lower base to be the 
right section itself ; take it as the plane of the xy f a, and let 6 lx.* the angle which the upper base 
makes with this plane. If ft denote the total area of the upper base, and w an element of this area, 
H cos. 6 and u cos. 6 will denote the total area of the lower base and tho element of this base 
<x>rre«ponding to the element w. Call the ordinate of the element w, t. The volume of the cylinder 
which proj ect! u upon the plane of the base will be expressed by w cos. 6 . z within an infinitesimal 
of a superior order, and the volume of the truncated cylinder will consequently bo expressed by 
V = 2 « cos. 6 . z = cos. 6.2tez. But if Z is the ordinate of the centre of gravity of the upper 
base, we have, by the theorem of the moments, ft Z = 2 u z ; therefore V = cos. 0 .Cl Z, that is, tho 
volume Bought is the product of the lower base Cl cos. 8 by the ordinate Z of the centre of gravity 
of tho upper base. But the foot of this ordinate is precisely the centre of gravity of the lower 
base, for if X denote the distance from the centre of gravity of the upper base to the plane of tho 
y i’s and X' the distance from tho centre of gravity of the lower base to this same plane, we shall 
have, to determine these two distances by, the equations ft X = 2 v x and ft cos. 0 . X 1 = 2 . « cos. 8.x ; 
tho second may be reduced to ft X' = 2 « x = ft X, whence X = X'. 

It may be seen in the same way that these two centres of gravity are at the same distance from 
tho piano of the xj’s; therefore they are upon the same line |iamllel to the axis of the r* s, and the 
second is the foot of the ordinate of the first. Tho theorem is thus demonstrated for the case 
uuder consideration. 

If the planes of the two bases are of any kind, we may divide the truncated cylinder, by a plane 
perpendicular to its edges, into two truncated cylinders which will come under the first case ; and, 
by summing, we shall see that the measure of tho volume is the right section multiplied by tho 
sum of the ordinates of the centres of gravity of the two bnses with respect to this right section, 
the foot of both of which ordinates is the centre of gravity of this section ; this expression amounts 
therefore to the product of the right section by the distnneo between the centres of gravity of tho 
two bases. 

2. We will now consider any number of bodies the weights of which are p, p', p ", Ac. We shall 

determine the centre of gravity of this system as if it were solid. Let p , p\ p", Ac., be the distances 
from the respective centres of gravity of these bodies to the origin, R the distance from the centre of 
gravity of the system to this same origin ; a, 0, 7 , a', 7 ', a", $ n , 7 ", Ac., a, h, c, tho angles which tho 

straight lines upon which these distances arc measured make with the three axes. Butting P for 
the total weight, we have, by the theorem of the moments, 

P K cos. a = 2ppcos. a, P It cos. b = 2p pcos. 0, P R cos. c = 2 p p cos. 7 . [1] 

These relations express that if we apply to the origin, forces projtortional to the products p p, p’ p, 
p” p", <Jr., and respectively directed towards the centres of gravity of the partied bodies, they wilt hare us a 
resultant a force proportional to the product I* R and directed towards the centre of gravity of the system. 
If tho origin were the centre of gravity itself, the forces pp, p' p\ p" p", Ac., would hold each other 
in equilibrium in this point, since the resultant would be nil. 

3. If we square both members of the equations [1] and add them together member by member, 
we get I” R* = 2 /j* p s + 2 . 2 pp' p p' (cos. a ooe. a -f cos. 0 cos. 0' + cos. 7 00 S. 7 'X or, railing tho 
angle of p with p 1 (pp r ), P* R* = 2 p*p* + 2 2pp'pp' . cos. (pp‘). If r denote the distance of 
the centres of gravity of the bodies p and p\ we have r* = p* + p'* — 2 p p' cos. (p p*), whence 
2 p p' cos. (p p') = p* -f p n — r 3 , consequently P* R* = 2 p 3 p* + 2 V P' (p* + p ’ 5 — c*). t Collecting all 
the terms in p 2 . we have p* (p* + pp' + pp" + . . . ) or p*. Pp ; analogous terms would be found by 
collecting all those containing p' 2 , then those containing p"*, and so on. We may therefore write 

P* R* = P 2 p p* — 2 pp' r*. [2] 

We conclude from this relation that «/ the system be moved without changing its form, ami in such 
a way that its centre of gravity remains always at the same distance from a fixed point ( the origin ), the sum 
of the products of the weights of the different bodies by the square of their it i stature from this fixed point , 
will remain tonstant. For R being constant, as well as the distances represented by r, the term 
P 2 p p* must be constant, and consequently the same is true of 2 p pr. 

The relation [I] may be written 2 />p T = PR* -f — — ; under this form, that the system 

returning its fonu, that is. r, r',r", Ac., remaining eonstant, 2pp* will be as small as possible when 
R is equal to zero ; in other words, the centre of gravity possesses this property, namely, that the 
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sum of the products of the weights of the different bodies by the square of the distance from their partial 
centres of gravity to the centre of gravity of the system, is a minimum, 

IX. If all the material points forming n jwirt of the system under consideration arc in the same 
place, where the value of the acceleration <1 due to the weight may be regarded as constant, we 
may, in the equations of the moments, substitute the masses for tho weights, and write 

MX=2mx, MY = I ray, M Z = 2 m *. 


If these different points are far enough from eaeh other to make -j vary sensibly, these equations 
cannot bo deduced from the equations of the moments. But they define, nevertheless, the co- 
ordinates X, Y, Z, of a certain point in space, which plays an important part in tho mechanics of 
free bodies, ami particularly in astronomy. Euler proposed for this point the name of centre of 
inertia; other writers have proposed to call it the centre of bkw ; the name of centre of gravity has 
however predominated, though gravity is foreign to the determination of this point. Care must 
be taken, in Older to avoid confusion, to distinguish the OUe in which the weights are proportional 
to the masses, from that in which this proportion has no existence. 

Movement of the Centre of Gravity . — When a material system is in motion, its centre of gravity is 
generally in motion too; and this motion may bo determined when that of eaeh of the material 
points which make up the system is known. The determination of this is the object of a theorem 
known as tho Principle of the motion of the centre of grarity, which we will now establish. 

I. Let p,p\p", Ac., be the weights of the material points of which the material point under 
consideration is composed, r, jr', x", Ac., their distances from a plane of comparison, P the total 
weight of the system, ami X the distance of its centre of gravity from the same plane. We shall 
have by the theorem of the moments of parallel forces, 

pjt + p'x' + p"x" + . . . = PX. [1] 


But if all tho points of the system arc in a space bo limited that tho acceleration g due to the 
weight is the same for all these points, wo may, dividing all the term* of the relation [1] by g, 
substitute the masses for the weights, and write 

mr + mV + m"x"+ ... sM X. [2] 

In this relation, the quantities x, or*, x”, Ac., X vary with tho time, and may be considered os 
functions of this variable. Differentiating with respect to tho time, wo have 


d x 

•n Tt + m 


rfr' 

dt 


+ m" 



dt 


But is tho component, perpendicular to the plane of comparison, of the velocity of tho point 
• rf/ 

whose moss is m; we will represent it by r„. Also -jj is the component, in the «uue direction, of 
the velocity of the point whose mass is m' ; wc will represent it by r',, and so on with the others. 
Similarly is the component, perpendicular to tho piano of comparison, of the velocity of the 

centre of gravity ; we will represent it by V, . By means of these notations, the above relation 
may be written, m r, -f m' r', -f m" p", -f . . . = M V, , or, abridging the expression, 


2 m r, - M V,, 


[3] 


that is, the mm of the quantities of movement of the %ehote system, projected ujxm on axis perpendicular 
to the plane of comparison , is equal to the quantity of movement of the centre of gravity, projected upon 
the same axis (if we attribute to tho centre of gravity a mass equal to the total mass of the system). 
If we consider the system with reference to three rectangular axes, of tho x’s, of tho y’s, and of tho 
s’s, and project the quantities of movement successively upon these three axes, we shall obtain, for 
the axes of tho y* s and the s'b, two other equations analogous to the equation [3], namely, 

2 m c f = M V f , [4] 

and 2 m r, — M V, . [5] 

The equations [3], [4], and [5] will determine tho velocity V of tho centre of gravity ; for wo 

deduce first, V t = , V- = ^ . V* = — . Wo shall have further 

31 31 31 

V = ^v*, + v* r + V*„ 

and if a, 0, y, denote the angles which this velocity makes with tho axes, 


V, 

cos. a = — , 


V, 

V ’ 


V, 

«*• y “ -y * 


II. Tho equations [3T, [4], and [5] are, besides, susceptible of a remarkable interpretation. The 
quantity of movement of a material point is a number of kilogrammes; wo may therefore always 
conceive a force which has the same direction as the velocity of the body in motion, and whose 
intensity is expressed by its quantity of motion. Let $>. <p\ <p", Ac., be the forces which would 
thus represent the quantities of motion of the various material points of the system, * the force 

5 R 2 
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which, in like manner, would represent the quantity of motion of the centre of "rarity; let 
<p„ 4>'„ <f>"„ &C., * r , l»c tho projections of these forces upon the axis of the x’a, respectively equi- 
valent to the quantities of motion projected upon the same axis, or to »* m'c'„ m" v",, &c.* M V,. 

In virtue of the equation [3] we shall have 2 We should have likewise for the other two 

axes 2 <p y = and 2 . But these last three equations denote that tho force 4* is the 

resultant of the forces <f>, $>', $>*', Ac. The equations [3J, [4], and [5] denote that the quantity of 
motion of the centre of gravity is the resultant of the quantities of motion of the various points of the 
system transferred parallel to each other to this point (sup|)oeing the quantities of motion to bo com- 
posed like the forces). 

III. This relation exists at any instant during tho motion, and consequently also at the instant 
of initial motion. So that if we denote by the index zero the initial velocities, we shall have, in 
virtue of the equations [3], [4], [5] themselves, 


2 m r,, = M V*, . 



cn 


[*] 


Subtracting member by member the equations [G], [7], [8] from the equations [3], [4], [5], we 
obtain 

2mr, - 3m r lU = M V, - M , [9] 

2f«c r — 2 mr w = M V, — M V w , [10] 

2 m r, — 2 m tg, = M V, — M . [11] 


Hut in virtue of the princijde of the quantities of motion , or of the effect of impulse, we have 
2 m r, — 2 m t*. 


2 m r, - 2 m r„ 


'„ = p it. 'a, 

■f 

•o. =J ‘ R .<11, 


2 m r, — 2 m r. 


R denoting the resultant of translation of the external forces soliciting the system ; we may there- 
fore write 


hi V, - M = 


hi V, - hi \ m = 

p R,tlt 

M V, - M V„ = 

H.tff 


[ 12 ] 


Hut these equations are those of the motion of a material point whose mass is M, whose initial 
velocity is and which is subjected to a force II. Therefore we may say, the centre of gravity of 
ci material system mores as if the tchole miss of the system i cere concentrated in it, as if the resultant of 
translation of all the external forces vere applied to it, and as if all the quantities of initial motion had 
turn transferred to it parallel to each other and composed like forces. Such is the principle of tho 
movement of the centre of gravity. 

IV. This principle does not 'depend upon the forces which are exerted between tho 

various material points of which the system is composed. From this observation, several conse- 
quences are deduced ; — 

1. Supjiose a spherical bomb thrown into spneo; its centre will describe a trajectory in tho 
vertical plane passing through the direction of the initial velocity. Suppose also that at u certain 
instant the bomb burets : ns the explosion is due merely to tho interior mutual forces which arc 
developed, them* forces will not alter the motion of the centre of gravity ; and if it were fioHsible to 
determine at each instaut the centre of gravity of the system formed by the fragments of the bomb, 
we should see that this point continues to describe the trajectory which tho centre of tho whole bomb 
was describing before the explosion occurred. 

2. The equations [12] explain also the effects of the recoil in fire-arms, l^et us take as an 
example a piece of cannon standing uj>on a horizontal soil with its carriage. Previous to tho 
explosion the system wns subjected merely to its own weight, and to the reactions of tho ground, 
producing ii resultant equal and contrary to this weight ; and these forces jmssing through the 
centre of gravity gave a total resultant equnl to zero. The explosion being due solely to mutual 
molecular forces, the resultant of translation R remains nil ; in virtue of the equations [12], which 
in this case are reduced to one. If we take as the axis the horizontal direction of the shot, the 
final quantity of motion is equal to the initial quantity of motion : but this was nil ; tho final quantity 
of motion is therefore nil algo. Denoting the mass of the ball by m, its velocity by r, the mass of 
the piece and its carriage by hi, and the velocity of the recoil by u, we have m r — M u = 0, 
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whence « = r . • , that Is, the initial velocity of the recoil would be n fraction of the initial 

velocity of the ball (in the heart of the piece) marked by the ratio between the moan of the ball and 
that of the piece with its carriage. In reality the velocity of the recoil is a little leas, on neeount 
of the friction of the carriago upon the ground, that of the wheels upon their bearings, and that of 
the ball against the inner surface of the piece. 

8. In general, whenever there are no external forces, or when the external forces given resultant 
of translation equal to zero, the second members of the equations [12] are nil, and the final quantity 
of motion of the centre of gravity is equal to its initial quantity. If the centra of gravity were 
originally at rest, it would remain at rest ; if it possessed a certain velocity, it would retain that 
velocity, and move with u rectilinear and uniform motion. 

4. An animnl cannot move without the aid of the reactions exerted by the bodies with which it 
is in contact. Placed in space, and being in contact with no kind of laxly, it would vainly exert 
itself to move its centre of gravity. 

5. The equations [12] also explain the effect of a couple. The two equal and contrary forces 
which form the couple give a resultant of translation equal to zero; consequently the couple lias no 
Influence upon the motion of the centre of gravity. If this point were originally at rest, it would 
remain at rest ; and the motion produced by the couple can be merely one of rotation about an axis 
passing through the centre of gravity. Hoe Damming. 

GRINDSTONE. Fn., Mcvlt, Pierre a aiguiser ; Gke., ScJdeif stein ; Ital., J fola; Span., Piedra 
tie ajilar. 

W. Muir’s Apparatus for Grinding Edge Tools and other Articles . — This arrangement. Figs. 383ft, 
8336, consists in having two grindstones working in the same trough, and in supporting the Bhafts 
of the grindstones in bearings connected 
by a screw, which 1ms a right-hand 
thread at one end, taking into a nut 
fixed to one Wring, and a left-hand 
thread taking into a nut in the other 
bearing. The grindstones are in con- 
tact with each other, and they are made 
to revolve in contrary directions, but at 
different velocities, so as to produce a 
rubbing action at the point where the 
peripheries are in contact ; or the grind- 
stones may be made to revolve in the 
same direction to produce the same rub- 
bing action, the effect and object of 
which is to cause the inequalities on the 
periphery of one grindstone to ho re- 
moved by the action of tho other. A 
slight lateral motion is given to one or 
both of the grindstones, to assist in 
making the peripheries wear equally. 

The lateral motion may be given by a 
worm fixed on tho grindstone shaft, 
taking into a worm-wheel, in the face of 
which is a crank-pin, giving motion to 
a lever, the vibrating end of which is 
connected to the end of the shaft by a 
clip. In some cases the grindstones may 
be made to swivel partly round, for tho 
purpose of keeping tho periphery true ; 
or r piece of stone or other suitable ma- 
terial, moving to and fro, may bo made to lit between the peripheries of the grindstones. Tho 
object is to cause the grindstones to keep each other in repair, and thereby obviating the neces- 
sity of turning the peripheries of grindstones when they become uneven, owing to tho inequalities 
in the hardness of tno surface. 

Fig. 3335 is a front elevation, and Fig. 3336 is a longitudinal, of one of Muir’s grindstones. In 
Fig. 3336, * is a trough, which may bo mode of cast iron or other suitable material ; h and c are 
two grindstones, revolving in bearings or pedestals d, bolted to the Handies of the trough a. The 
peripheries of the grindstones are in contact at the point e. One of these grindstones is driven by 
an open strap passing round the pulley A'. aud the other by a crossed strap passing round the 
pulley c 1 . C I>. Fig. 3335, show how the belts and pulleys are geared. When the grindstones are 
of the same diameter, the pulleys must be of different diameters, in order that then? may lx; a 
rubbing action between the peripheries of the grindstones. This nibbing action has a tendency to 
keep the peripheries of both the grindstones cylindrical ; but iu order to produce this result more 
effectually, a lateral as well as a rotary motion are given to one or both of the grindstones, in the 
following manner; — Upon the shaft of tho grindstone c is fixed a spur-pinion d, which gears into 
another pinion f, revolving on a stud fixed in a bracket </', bolted to one of tho pedestals d ; to the 
pinion f is fixed a lxwt, with a spiral groove/' ; in this groove a stud, projecting from the link r/, 
enters ; this link is supported in the bracket d\ and its outer end is jointed to tho lower end of the 
lever A ; this lever vibrates on a stud fitting in tho bracket <0 ; its upper end is forked, and takes 
into a groove in the shoulder c*, which is nlso fixed on the shaft of tho grindstone c. 15y this 
arrangement it is evident that the rotary ami lateral motions of the grindstone are simultaneous ; 
for the pinion c A drives the pinion /, which in revolving moves the link g to aud fro. This motion 
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in communicated to the lever A, nml by it to the grjndstono. When the grindstones diminish in 
diameter, the bearings «/ iu which they revolve are gradually brought closer together, so as to keep 
the {leripheries iu contact, by the attendant turning tlio shaft i. This shaft is furnished with two 


3336 



worms taking into the wheels j, fixed on the* throws A ; each of these screws is made w ith a right- 
handed thread at one end, and a left-lmnded thread at the other ; consequently, when the shaft i is 
turned in one direction it causes the pedestals d to approach, and when turned in the other direc- 
tion it causes them to recede from each other ; the rubbing produced by the peripheries of the 
grindstones moving at different velocities, and by the lateral motion, causes the inequalities «n 
the peripheries of one stone to be removed by the other, thereby keeping them both in working 
condition. Instead of making the peripheries of the grindstones revolve nt different velocities^ and 
of giving a lateral to-and-fro motion to one or both of them, in some eases we may introduce a flat 
piece of stone, or other suitable material, between the peripheries of the grindstones at the point e 
in Fig. 3336, and give a to-and-fro motion to this piece of stone, the action of which on the peri- 
pheries of the grindstones would keep them true. The same object may also be obtained by causing 
one or both of the grindstones to swivel partly round, so ns to produce a rubbing action on their 
peripheries. The stones may also bo driven so that they revolve in the same direction ; the peri- 
pheries nt e in Fig. 3336 would then run in opposite directions, as shown by^the arrows. 

GRIST-MILL. Fit., Atvalin a drtcMcj Go* ffchrotm&Alt ; Span., Motino /*i ra Mg o. 

See Mills. 

GROUND-AUGER. Fn., Tariere a fond; Geb., Grundhohrcr ; Ital., Trivella; Scan., Sotvia. 

See Access. 

GUDGEON. Fn., Tourillon; Gek,, Jh-ehxnpfcn; Ital., Pernof Span., Pitot*. 

A gudavtm is the piece of iron in the end of a wooden shaft, on which it turns in a collar or on a 
gudgeon-block ; formerly the part of any horizontal shaft on which it runs. 

GUN-CARRIAGE. Fk.. Affit de canon ; Geh., GeschStx Rampert ; Ital., Affusto ; Span., CWriki. 

Captain Scott's Gun- Carriage for Heavy Naval Ordnance. — Simple as the invention of a suitable 
gun-carriage for heavy naval ordnance may appear, vet, in attempting this apjwirently easy task, 
before R. A. E. Scott succeeded in accomplishing it, many ingenious inventors failed. Fig. 8337 
represents Scott’s 300-pounder carriage and slide. The running-in-and-out gear is shown in 
Fig. 33JIK, and consists of two endless chains, stretched over two pitch-wheels on each side of the 
alidcs, with a screw arrangement for tightening the chains. When the pin is required to be run 
in, the outside part, or toes, of the com pressor-levers are presstd against the lower part of the box, 
ns shown in Figs. 3338 and 3340, w hich is serrated on its upper edge, so as to fit between the pins of 
the chain links, and press them np against the serrated edge of the upper box. By this means 
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several of the pins of the attains nre securely held by the whole force of the compressor n a, 
pig. 3340 ; and as both parts of the box which clutch them are attached to tho carriage, it is only 
necessary to turn the purchase ut the rear end of the slides to draw the guu in or out. When either 
operation is finished, the handle of the compressor is turned, and the inner part, or heel, of tho 
compressor-levers then performs the work of compressing. Thus one compressor performs the double 
duty of holding the gun on recoil, ami of clasping tho chains on both sides of tho slide together 
with equal certainty and security ; and this gear being always in place, and out of the way of every 
other working part, overcomes one of the difficulties previously experienced in working heavy guns 
at mo. Scott’s carriage is fitted with two compressors, under tlw idea— however powerful and strong 
the working part may be — it is not safe to depend upon a single part. 





3 


The fore compressor 6c a dafg % Fig. $389, forcing the beams It, It, B, together, ami retaining 
them firmly in their places, is inure powerful than -the aft compressor shown in Fig. 3340. Tho 
fore compressor is placed on a higher level than the other, and hence tho upper anus«ic,a/, nro 
longer than thoee shown in the aft compressor. Fig. 8810. The shaft kg Upon which these arms 
work posses through each side of tho carriage, and, projects beyond ; it is provided with a right and 
left-handed screw, to which motion is given by turning a handle shipped upon the shaft at either 
side of tho gun, and thus opeuing or closing the lever-arms. The fore compressor is Applied when 
extra holding power is required, and is useful as an additional means of readily checking the gun 
when running in or out in a heavy roll. 8eotfs plan of raised racers was adopted in H.M.'s ships 
Research, Minotaur, and Bellerophon, but in both the latter ships the centres of the racers were 
let down into the deck * of an inch, and their ends raised so as to admit the guns to be trained 
round on a horizontal plane. The edges nearest the ship's side of the front racers were Blotted to 
receive a strung hook </, Fig. 8338, which held the slide securely down to the deck, and rendered 
the gun secure in any sea. In the Minotaur, ns well as in the Research, the front of the slide 
was further secured by a massive metal block, working in a grooved racer; but after tho trial of 
firing a 12-ton gun nineteen times at tho t'*p of the roll in the Minotaur without this fastening, 
it was considered unnecessary, more especially as a pivot-bar, or flap, of the same strength as the 
usual service elongated y-tlap, had been fitted to the pivot-point in the port as a preventer. In 
the Minotaur, a gun on this mounting trained 31° each way ; but no other gun with the \f-flnp 
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and fixed pivot obtained so ranch aa 29°. A similar result was observed in tho Bollnrophon, 
where, although the port was closed up from 2 ft. 9 in. to 2 ft. 1 in., tho training was Htill 31° each 
way. The training of tho othor guns in 2 ft. 9 in. apertures was only 30°. Fig. 8841 shows how 
the Minotaur’s port was closed on the lower 
side 14 in., tho corners being rounded and mado 
much higher. 

The application of this important feature of 
Scott’s system of mounting had a similar effect 
to throwing the lower port-sill a mean of 16 in. 
higher out of tho water, thus adding greatly to 
a vessel’s capabilities of fighting in a sea-way. — 

Had a small half-port been fitted up, 7$° of de- 
pression could have been obtained in tho Ikdlemphon, and 9° in the Minotaur, when wanted. This 
woodwork rendered protection to tho loaders against the spray of the sea ; nor was any disadvantage 
found, but the contrary, from closing up tho port, the rapidity of the fire in tho Minotaur with 
the 150-lb. ball being more; than double that previously ordained, and the quickness in the Belle- 
rophon, with the 250-lb. rifled shot, being equally unmatched. The elevating gear ABC, Fig. 3337, 
consists of a screw worked through a box, fitting inside another box which is fastened to the gun. 
These boxes have a washer interposed between their surfaces, and the outer box is open at tho 
bottom ; hence, when tho gun is fired with its muzzle al>ove the upper port -sill, the outer box m 
lifted several inches up from its resting place on the inside box, when the muzzle dipped under the 
port-sill, and then dropped easily down again u|>on the washer on the top of tho inner box. By 
this contrivance tho weight of the breech of tho gun is received without any damaging shock, and 
tho jar of the discharge is absorbed likewise. Any fixed elevation can also be given and main- 
tained with certainty in bombarding. Motion is communicated to the screw through two bevelled 
wheels, shown at B, Fig. 8337, suitably supported upon the Uittoin of the carriage. By means of 
handles worked upon each Bide, a rapid touch may lie given in elevating the gun ; in case the 
captain should find it rolling up or down, his sights would not come on with the object to l>e fired at. 

Running-in-and-out Eccentrics . — For Scott’s carriage, eccentrics, which had to stop to allow them 
to pass the centre, and remain fixed in that iiosition, were devised. This prevented the necessity of 
having tho men to hold on to them in running the gun in or out ; the arrangement also allows tho 
crew on each side to hold on by the ropes which were attached to the ends of tho levers of tho 
eccentrics, if required, and so keep tho eccentrics ready to drop the carriage off its rear rollers or 
trucks. The levers which work the eccentrics are upon the siilcs of tho carriage, and no fitted that 
the screw is prevented from injury in case the guu should go off in bring run out. Should tho 
eccentrics be slacked up, the carriage would drop upon the slides, with a surface of wood every- 
where touching a surface of iron, as dropping the rear of tho carriage lifts the front trucks off tho 
slides; and ns both these surfaces are rough, thcro would then be an absence of sliding sufficient 
to keep the carriage ami gun from moving in a roll. The lever-handles are fitted with bands round 
the drumhead of the eccentrics, whii-h hold them securely when the levers arc let drop out of use. 
In consequence of these arrangements, every part of the mounting is in place, ready for use; the 
man who is termed No. 7, having no mechanical labour to perform, can give his whole attention 
to keeping tho gun pointed upon the object, which can be done by means of the rack and pinion, 
so steadily os not to interfere witli the loading. The requisite elevation in case of a change in 
the heel of the ship can also be given with the same case and steadiness; and all thcao o[>crations 
can bo performed simultaneously. 

The rear compressor, Fig. 3340, being on a lower level than the fore one. Fig. 3339, and being 
also considerably below the level of the proposed height for tho lower porUsill, would probably 
escape injury should the front compressor be nit. Although the rear compressor is less powerful, 
it is more important than the other, lining employed to catch the chains in running the gun in and 
out, and being also the principal working compressor for holding the gun on being fired. The only 
addition made to this compressor, to enable it to perform also the duty of clutching tho chain, 
consists of small piece*, or toes, on the outside of the lever-arms ca,fa. Fig. 3340. These toes are 
shown at <*«, Fig. 3340, in which tho rear compressor is shown in section, compressing tho 
balks B, B, B, preparatory to firing, and consequently with the toe-piecea at a a clear of the lower 
lx>x. The balks of wood B, B, B, upon which the compressors act are slightly tapered longitu- 
dinally towards the front of tho slide, and are very much tapered in their depth. 

The Moncrieff System of (iun-Carri<ujc . — We shall in this place only explain the Moncricff system 
of working artillery as far as it relates to coast defence. 

This system is based on sound philosophical principles, and may be investigated under the throo 
following heads ; — 

1st. 'Hie mechanical principle of the gun-carriages. 

2nd. Tho form intomol and external of tho batteries. 

3rd. The selection of ground for placing the batteries, ami the arrangement for working them 
to the greatest effect; or, in other words, the tactics of defence for positions where tho system is 
employed. 

Tho principle on which the carriage. Fig. 3842, is constructed is the first and most important 
part of the new system, because on it depends the possibility of applying tho other parts. This 
principle may lie shortly stated as that of utilizing tho force of the recoil in order to lower the 
whole gun below the level of the crest of the parapet, so that it can be loaded out of sight and out 
of exposure, while retaining enough of the force above referred to to bring the gun up again into 
the firing or fighting position. This principle belongs to all the carriages ; but the forms of theso 
carriages, as well ns the method in which this principle is applied, vary in each case. For instance, 
in siege guns, whero weight is an element of importance, the recoil is not met by counterpoise. 

With heavy garrison guns, on the other hand, which when once mounted remain permanent in 
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Formerly the principal difficulty arose from the enormous and hitherto destructive force of tho 
recoil of powerful guns : and here we shall point out the manner in which that difficulty is over- 
come. 

That part of the carriage, E, which is called the elevator may bo spoken of and treated as a 
lever; this lever has the gun-carriage axle at the end of the power-arm, and tho ceutre of gravity 
of the counter-weight C at the end of the weight-arm, there being between them a moving 
fulcrum. 

When the gun G is in the firing position, the fulcrum on which this lever rests is almost 
coincident with the centre of gravity of the counter-weight C, ami when the gun is fired tho 
elevators roll on the platform, and consequently the fulcrum, or point of support, travels away from 
tho end of the weight-arm towards the end of the power-arm, or, in other words, it passes from tho 
counter-weight C towards the gun Q. 

Notice the important result of this arrangement. 

When tho gun is fired, its axle passes backwards on tho upper or flat part of a cycloid. • It is 
tree to recoil, ami no strain is put upon any part of the structure, because the counter- weight 
taxumenccs its motion at a very low velocity. As the recoil goes on, however, the case changes 
umplctelv, for the moving fulcrum travels towards the gun, making the weight-arm longer and 
bnger every inch it travels. Thus tho resistance to tho recoil, least at first, goes on in an increasing 
Degression as the gun descends, and at the end of the recoil it is Beized by a self-acting pawl or 
eptch. 

The recoil takes place without any jar, without any sudden strain, and its force is retained 
u*lor the control of the detachment to bring up the gun to the firing position at any moment they 
mi- choose to release it. Tho recoil, moreover, however violent at first, does not put injurious 
hofzontul strain on the platform. In Cnptuin MoncriefTs experiments at Edinburgh with a 
32-*nunder, ho found that so slight was the vibration on tho platform caused by firing, that the 
coixunn mils on which the elevators rolled in that experiment, and which were only secured in 
thealightost manner, did not move from their position; nor even when heavy charges or double 
shoiwere used, did sand and dust fall off their curved tops. See p. 1716. 

a still earlier experiment made with a model of a 9o-cwt. gun, tho model was fired on the ice 
withexccssive charges, and nevertheless remained stationary. 

'lb is valuable concomitant of tho system cannot be appreciated fully without referring to tho 
difficulties that have been experienced, and are now felt, in getting pivots, platforms, Ac., on 
the ofiinary system strong enough to mount the new artillery, where the recoil is stopped by fric- 
tion ftplied directly by means of what ore technically called compressors attached to tho platform. 
See Httkry. Ordnance. 

GtN-COTTON. Fk., Coton azotique; Ger., Schiessbaumvollc ; Ital., Pironttina ; SrAN., Ahjodon* 
pdlrorq Piroxilinn. 

fk* CiCNPOWDER. 

GIN -METAL. Fb., JMal de canon ; Geb., Kanonenmetall ; Ital., Dronzo; Span., Metal de 
canonei 

See Alloys. Artillery. • 


their positions, there is no objection to weight. In that ease, therefore, tho force of gravity is usod 
to stop the recoil, because it is a force always the same, easily managed, and not likely to go wrong ; 
and as these carriages are employed for tho most jiowerful guns, it is a great advantage to have tho 
most simple means of working them. 

3343 . 
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GUNNERY. Fit., Science dc Vartillcric ; Geb* ArtiUeric Wisscnscfuift ; Itai», Artujlieria ; SrAX. 
Cicncia del ariillero. 

Gunnery is that department of military science which comprehend* the theory of projectiles 
and the manner of employing on! nance. 

When great minds conspire to per|#>tuate a fallacy, it has always been a difficult matter to clear 
that fallacy away. We know of no subject capable of being submitted to mathematical investiga- 
tion that lias received a greater amount of fallacious treatment, and that too, by groat minds, than 
tho motion of projectiles. Besides, school-taught pedants, thimble-rigging with mathematical 
symbols, reduced this branch of military science to a deplorable state of uncertainty, and left tho 
artillerist to play a game of blindiuau’s-buff with his guns. Initial velocities have been little more 
than guessed at, the resistance of the air overrated, and the force of gravity misstated. It is well 
known that General Anstruther’s physical cournge is great, but, with these facts before him, his 
moral courage must bo as great as bis physical, to propound and develop a new system of gunnery; 
but “his heart is in his work, and the heart giveth grace unto every art.” Tho system introduced 
by General Anstruther, which is practical and easily applied, must give correct results within tho 
range of his experiments, without offering any special theory nl>out initial velocities, the resist- 
ance of tho air, or the force of gravity ; indeed, in Anstruthor's system are collected all these 
elements. 

In the following fifty-eight paragraphs Major-General P. Anstruther lays the foundation, and 
illustrates the practical application of his system. 


In the first paragraph he denies the difficulty 
of drawing the trajectory of a projectile. 

2. Defines what it is that we want to do. 

3. States our want of data for the pur- 
pose. 

4. Expresses a wish that wo may get 
them. 

5. Dcscril>e» our intended demonstration. 

6. Shows how Colonel Boxer says it is to bo 
done, algebraically. 

7. Admits his demonstration, but requires it 
in numerals. 

8. Names an elevation and time of flight, 
45° and 27 * 1 seconds. 

9. Gives the ascent, descent, and range, in a 
vacuum. 

10. Defines Fig. 3313, the trianglo for the 
given elevation. 

11. Graduates tho ascent of this triangle, 
unresisted. 

12. Graduate* the descent of this triangle, 
unresisted. 

13. Proposes comparison with recorded fact. 

14. States the recorded rango for elevation 
45^ in 27*1 seconds. 

15. Shows the reduction produced by the 
resistance of the air. 

1C. Infers the power of measuring the re- 
sistance. 

17. Shows the vnluo of $ <j for 27*1 seconds 
of time. 

18. Shows the varying value of } g, as printed 
years ago. 

19. Shows where this may be had, printed, 
in extcnm>. 

20. Assumes that we now know the true law 
of gravity. 

21. Defines Fig. 3344, a parallelogram on 
Fig. 3343. 

22. Defines the two lines added. 

23. Applies tho law of the composition and 
resolution of forces. 

24. Why applied to our question. 

25. Requires the graduation of tho vertical 
descent. 

26. Shows the graduation of the descent tho 
same for all elevations. 

27. Tho graduation of tho vertical ascent 
varying with elevation. 

28. At 90° elevation the two coincide exactly. 

29. Pro]M>scs to apply this to our example. 

1. There would be no difficulty whatever ii 
the artillery officers could bo persuaded tododuc 


I 30. Shows place of ball at end of 27*1 
| seconds, elevation 90°. 

31. Shows additional timo to be required for 
descent. 

32. Shows that this will oqnally increase 
! time of ascent. 

33. Tries an addition of G*9 seconds, it is 
too much. 

34. Tries an addition of 6*8 seconds, which 
will da 

35. Therefore 27*1 + 6*8 = 33*9 seconds is 
, the time for elevation 90°. 

36. Therefore 761 ft. per second iB the initinl 
velocity. 

37. Shows grad nation of descent, for 0*9, 
> 1 * 9, 2 * 9, 3 • 9, Ac., Ac., to 88 * 9. 

38. Shows graduation of ascent, the inversion 
of the descent. 

39. Describe* Table A. 

40. Shows how to draw tho trajectory. 

41. Shows the French Table of Ranges for 
| 45 c elevation with velocities. 

42. Selects one for comparison with our 
theory, 10,699 ft. 

43. Deduces tho time of flight, and show* 
the oblique ascent. 

44. ShnwB that 35*32 seconds is tho time fir 
elevation 90°. 

45. Shows that 777 ft. a second is the veb- 
city, corn inured with 784 ft. a second. 

46. Shows that Table B gives ranges at 4>° 

I with velocities. 

47. Shows the application of the instrume it, 
Fig. 3345. 

48. Supposes an example. Elevation 5 P , 
range 1000 vds. 

49. Worfts it out by the instrument, vekrity 
777 ft. a second. 

i 50. Describe* the method of working itont. 

51. Shows the limits beyond which ourdata 
will not carry us. 

52. Quote* a range from a Text-Bode, a 
French range. 

53. Put* it into English feet. 

54. Shows the vertical descent and oblique 
ascent and time. 

55. Finds the moan velocity. 

56. Refers to Table C. 

57. Finds the time for the mean velocity. 

58. Deduces the final velocity ninl initial 
velocity. 

i determining the trajectory of any projrctile, if 
e the laws of their own science, gunnery, fom the 
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recorded results of their own practice, instead of intrusting this, their first, And most importnnt of 
nil duties, to tho professors of mathematics. 

2. These men, however able and eminent, do not know what it is that the artillery require ; they 
teach us how to calculate tho trajectory for given elevation with given initial velocity ; what we 
want to know is, how to determine the initial velocity from given range and elevation. 

3. And this we could easily do if we had the data : but no book, either in the French or English 
language, affords reliable record of range for elevation w ith time of flight exceeding 31 seconds ; 
wo cannot therefore determine tho trajectory for any initial velocity exceeding 800 ft. per second ; 
hut within that limit we can do it without any difficulty. 

4. We shall offer one example, fully worked out, in the hope that tho official advisers of govern- 
ments nmv yet bo induced to recommend the few, and comparatively cheap, additions to our 
practice tables, which nre required to complete our professional knowledge; the results of private 
practice, under any circumstance*, fail to carry with them the weight of authority requisite to 
establish the laws of science; were it otherwise, tho experiments required should have been fur- 
nished long ago. 

5. In working out tho example selected, we shall show what would lx? tho trajectory of a pro- 
jectile. if not resisted by the atmosphere, and then we shall compare thnt calculation with the 
recorded results of actual practice with the same elevation, in the same time of flight. 

6. To find the trajectory of a projectile in a vacuum, Colonel Boxer, in his treatise on Artillery, 
tells us, on p. 87, thnt wo have only to “compound tho motion produced by gravity, which, by the 
second law of motion, is the same ns it would produce upon a hody at rest, with the uniform motion 
in the line” of direction, “in order to obtain the actual motion of the shot upon the hypothesis 
assumed,** that hypothesis being the leaving out of consideration for tho present the resistance of 
tho atmosphere. 

7. Colonel Boxer proceeds to prove, algebraically, that tho curve reuniting is a tme parabola. 
Wc accept his demonstration, but for our present purpose it is necessary to show, by the use of 
numerals, the application of this theory to somo specified elevation and time of flight, to enable us 
to draw a comparison between the curve of calculation and the recorded results of actual practice. 

8. For this purpose let us suppose a ball fired at 45° elevation, seen to strike the plane at tho 
expiration of 27 1 seconds of time of flight: putting out of consideration for the present the resist- 
ance of tho atmosphere, wo ore to draw tho trajectory of this ball ; we know that it is a parabola, 
but wo require to show its measurements. 

9. The time of flight being 27* 1 seconds, tho fall by gravity, unopposed 3343. 

by tho atmosphere, will bo equal to 27*1* x IGA = 11811 '76 ft., and as 
the elevation is 45°, tho horizontal range will be equal to the vertical 
descent, which is the fall by gravity, therefore the horizontal range is 
also 11811*76 ft., and the oblique ascent is tho square root of the sum of 
tho squares of these two, it is 16704*35 ft. 

10. Let A B G, Fig. 3343, bo a right-angled triangle, in which the 
sides nre respectively 11811 '76 ft., 11811 -76 ft, and 16701*35 ft.; within 
these three lines we nre to inscribe the trajectory of a ball fired from A, 
toward* B, aeon to strike G at the expiration of 27 * 1 seconds of time ; leav- 
ing out of consideration for the present, the resistance of the atmosphere. 

11. We divide the length of A B by the time of flight, the quotient = 616* 306775 ft. 

a second, is the uniform velocity of the oblique ascent ; we therefore lay off upon A B, in succession 
from A, 27 equal spaces, each 616*306775 ft., to show tho uniform motion in tho line of direction, 
with winch, as Colonel Boxer tells us, we nre to compound the motion produced by gravity. 

12. From each of the points so marked, in succession, we let fall a perpendicular, denoting by 
its length the fall by gravity, < 2 x 16^ ft., in the number of seconds of time, /, elapsed since tho 
ball left A on its passage towards B; a lino joining the lower ends of all these perpendiculars is 
the trajectory required, the parabola. 

13. Wo are now to compare this with recorded fact. 

14. The 13-in. sea-service iron mortar, at elevation 45°, with a charge which gave 27*1 second* 
time of flight, lmd a range of only 3327 yds., nr 9961 ft.; if we apply this to Fig. 3343, we have 
A G = 9981 ft.. BO = 9981 ft., and AD - 14115*20 ft. 

15. Each side lm* I teen reduced by the resistance of tho atmosphere in the proportion of 
11811*76 to 9981 ft. in 27*1 seconds. 

16. Such a reduction in tho magnitude of B G, the fall by gravity in the time of flight, afford* 
us a ready measure of the effect of tho resistance of the atmosphere. 

17. The fall by grnvitv in 27*1 seconds of time would be, in a vacuum, equal to 27*1* x 
16 083333 = 11811 *76083333, and in the atmosphere it is 27*1* x 13*590501 = 9980*99983941 ; 
this last we shall rail 27*1* X 13*59. 

18. It is Borne years since General Anstruther offered to the service Table t>. showing the fall 
by gravity a* modified by the resistance of the atmosphere, in which the varying value of the 
multiple of the square of the timo was deduced from the measure of tho fall in 27*1 seconds a* 
follows, namely ; — 

For 3 seconds of time tho fall is 3* x 1G 

13 „ ,. 13* X 15 

23 „ „ 23* x 14 

24 „ „ 24* x 13*9 

25 „ „ 25* x 13*8 

20 „ „ 26* x 13*7 

27 „ „ 27* x 13*6 

27*1 „ „ 27 1* X 13*59, os above. * 
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TO. Table D shows the fall by gravity, together with the velocity which a ball would acquire 
by the fall, for the tenth part* of second* of time from one-tenth of one second to fifty seconds. 

20. We shall now suppose the true graduation of IT O t the vertical descent in Fig. 3343, to bo 
known to us; we shall deduce from it the graduation of the oblique ascent All, the first step of 
which, when found, is the measure of the initial velocity of the boll. 

21. To deduce the graduation of the oblique ascent from that of the vertical descent, we again 
draw the triangle ABO exactly the same in all respects as that in Fig. 3343; hut we now add a 

3344. 


A 

24. If therefore we could determine the graduation for time of the line A Y, we could at once 
find that of A B; and we could then, to use Colonel Boxer's wools once more, “compound the 
motion produced l>y gravity with the motion in the lino" of direction, ** in order to obtain the actunl 
motion of the shot.” 

25. We desire to determine the graduation of A Y. and we know that it is equal in magnitude 
to B G ; it is 9981 ft. ; the duration of the motion which it represents is the same as in B G, 27' 1 
seconds of time, and still it is quite certain that the graduation of A Y cannot be that of B G read 
in inverse order of succession. 

2fi. The graduation of B O is the same for any one numlnr of seconds of time of flight, whntever be 
the elevation, os it is the fall by gravity in the time of flight t; the graduation of this lino is always 
an increasing series or progression, it must always commence in the same manner; if the time of 
flight is four seconds, the graduation of the descent will always bo 1, 3, 5, 7, total 1C spaces of J (/, 
whether the elevation be 5° or 85 3 . 

27. But the graduation of A Y varies with everv change of elevation ; the motion represented 
by this line is necessarily exactly equal in magnitude and in duration to the motion represented by 
the parallel B G, but it will always bo differently graduated ; in four seconds’ time of flight the 
ascent will always be 1C spaces, but they will be divided into 7, 5, 3, 1, total 1C, for elevation 
89° 59' 58" ; and into 4, 4, 4, 4, total 16, for elevation 0° 00' 02". 

28. At elevation 90° the oblique ascent and the vertical ascent become merged in one, and. as 
we have just seen, the graduation is the inverted reading of the descent ; we are therefore enabled 
to determine its graduation by referring to the Table described in our paragraph 19, which we shall 
suppose to be in the hands of our render. 

29. We now return to our selected example, the range 9981 ft. at elevation 45°; we showed in 
paragraph 14 tlmt the oblinue ascent was 14115*26 ft, the simultaneous vertical descent 9981 ft. 

30. If we now change tne elevation from 45° to 90°, the ascent in 27 '1 seconds will again be 
equal to 14.115 ft„ the descent ngain 9981 ft., therefore at the expiration of 27*1 seconds of 
time the ball will bo at a height of 4134 *2C ft. vertically over the point A from which it was 
projected. 

31. To enable this hall to reach the ground, addition must bo made to the time, and os the 
ascent and descent are simultaneous motions, additions to the time of either bring equal addition 
to the time of the other. 

32. But equal addition to the time by no moans brings equal addition to the magnitude; the 
addition of one second will bring an increase of 16 ft. to the ascent and of 671 ft. to the descent ; 
a very few such additions will bring the two to equality of magnitude, and we proceed to try how 
many will do it. 

33. We try an addition of 6*9 seconds, making the time of flight 27*1 +6 9 = 31 seconds, 

then we find in our Table that 34’ x 12*9 = 14912*4 

We also find that 6-9* x 15*61 = 743' 1921 

which we add to the ascent, 14115*26 



line A Y. pnnilh l to and equal to B G, and wo join B Y, so that A G B Y 
in Fig. ‘1314 is a parallelogram, of which A B is the diagonal, and in which 
wo know the magnitude of every line. 

22. The line A Y now added represents the vertical ascent of the ball 
during the time of flight : this line and the line B G are added for the pur- 
]*>so of bringing the question within tho scope of the law of the composi- 
tion and resolution of force*. 

23. That law teaches us that the force which produces the motion re- 
presented by the diagonal A B, is the resultant or equivalent of two forces 
producing motions represented both in magnitude and direction by the two 
sides A Y, A O, of the parallelogram, of which A B is the diagonal. 


making the ascent 


14858*4521 = 14858*4521 


so that tho descent now exceeds the ascent by 53*9179 ft, and wc must try a 

less addition. 

34. Wo try an Addition ef 6 *8 seconds, making the time of flight 27 1 + 6*8 = 33*9 seconds, 
and wo find in our Tablo that 33*9* x 12*91 = 14836*3011 

We also find that 6 * 8* x 15*62 = 722 * 2688 

which wo add to the asecut 14115*241 


making the whole ascent 14837*5288 = 14837*5288 


the ascent now exceeds the descent by 1 *2277 ft., but wc ore satisfied. 

35. The fall in 34 seconds wo have seen to l>e 14912*4 
and „ 33*9 „ „ 14836*3011 


the differences 01 second of time and 76*0989 ft. indicate a velocity of 760*989, 

say 761 ft. a second. 
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36. Therefore the initial velocity of tho ball, which at 45° elevation ranged 3327 yds., was 7G1 ft. 
a second. 

37. Wo can now give tho graduation of the ascent from onr Table; wo read in it that tho 
fall in 

29-9 seconds is 29 9* x 13 31 = 11899-2731 difference 713*767 


309 


30-9* x 13*21 

= 126130401 

w 

727*827 

31-9 

„ 

31-9* x 13*11 

= 13340*8071 

,, 

741*287 

82-9 


32-9* x 13*01 

= 14082*1541 


754147 

33-9 

„ 

33*9* x 12*91 

= 14836*3011 




38. Tho inverted reading of this Tublc is the graduation of the ascent ; it oommonccs thus, in 

Cumulative. Gradual. 

1 second 754*147 754*147 

2 seconds 1495*434 741-287 1st difference 12*80 

3 „ 2223*261 727*827 „ 13-46 2nd difference 0*6 

4 „ 2937*028 713*767 „ 14*00 „ 0*0 3rd difference 0 0 

5 „ 3036*135 099 107 „ 1IGG „ 00 „ 00 

39. Wo give, Table A, the graduation of the ascent for even seconds of time, for initial velocity 
701 ft. a second, and the simultaneous descent ; wo also give thirty-three different ranges, together 
with the angles of elevation, by the use of which these ranges would bo obtained. 

40. In any right-angled triangle whatever, if tho reader will mark off ujion the hypothenuso 
the distances given as ascents, and let fall perpendiculars to denote the fall by gravity, then a 
line joining the lower extremities of all these iierpendiculars is the trajectory, which we said in 
paragraph 3 we could draw without any difficulty. 

41. In the Aide Memoire a Fusage des Oflieicrs d'Artillerie, p. 431, we find a Table containing 
thirty different ranges for elevation 45°, with the initial velocity for each,, but not the time of flight. 

42. The second of these ranges is 3261 metre*, its initial velocity 239 metres; reducing these 
to English measures, wo have 10,699 ft. of range, with 784*136 ft. velocity. 

43. Here tho obliquo ascent is 10699 J 2 = 15130-7, and tho vertical descent, or fall by gravity, 
is 10,699 ft., which indicates a time of flight of 28- 17 seconds for 28 ' 17 s x 13-483 = 10699-4198187. 

44. An ascent of 15130*7 ft. in 28-17 seconds is what we have to graduate; we find that a 
descent of 35*32 seconds will lie ns follows, namely; — 

35* 32* x 12-708 = 15928- 1106-132 ft., the time being 28 17, 
subtract and mid 28*17 2*817 


the differences 7 15* x 15*585 = 796 7430C25 


show a fall in 28*17 seconds of 15131*3675807 ft., 

which is only 8 in. in excess of the ascent. 

45. The velocity acquired by a fall of this duration is thus found ; — 

from 35-32* x 12 768 = 15928- 1106432 

deduct 35-31* x 12 769 = 15920 3394009 


the differences being — 0*01, 0*001. and 7-7712423, 

indicate a velocity of 777*124 ft. a second, to compare with 784*136 ft. a second, as given in the 
Aide Memoire. 

46. As no book in the English language gives us any record of initial velocity for range and 
elevation, we give, in Table B, thirty ranges for 45' 1 elevation, with the time of flight calculated, 
and the initial velocity deduced ; and iu tho samo page, for convenience of comparison, we give 
Table C, named in paragraph 41. 

47. We give, Fig. 3345, a drawing of a very simple instrument, by which, when made to n 
larger scale, any rifleman may at once draw the trajectory of his bullet, and read off its initial 
velocity, and the angle of its descent. 

48. For instance, suppose a ball fired at elevation 5°, its range measured is 1000 yds. exactly. 
Then the rouge being 3000 ft., the oblique ascent is 3011*4 ft., tho vortical descent or fall by 
gravity is 202-466 ft., therefore tho time of flight is 4*06 seconds, very nearly. 

3011*4 

49. Dividing tho oblique ascent by tho timo of flight, we have * = 741*7 ft. a second, 

the mean velocity of the ascent. Tho Table described in our paragraph 19, of which the instru- 
ment described in paragraph 47 and shown in Fig. 3345 is a portable epitome, shows that a 
velocity of 741 *7 ft. is tho result of a fall of 32*85 seconds; 
to this we add half the time of flight 2*5 seconds, 

and the sum of tho two, 35-35 seconds, is tho timo of flight for this velocity at 

90° olevution ; tho Tablo shows us that the velocity would bo 777 ft. a second, roughly. 

50. For all elevations usually employed with rifles or field artillery, tho instrument shown in 
Fig. 3345 would enable the student to draw the trajectory at once; supposing his instrument to 
be made on a sufficiently large scale, ho lays the meun velocity of the ascent, as found by dividing 
its magnitude by the timo of flight, exactly against the centre of tho hypothenuse of the triangle, 
calculated in paragraph 48, and marks off all the fifty sjtaces, twenty-five on each side, which will 
form the gnwluntion of the hypothenuso, lots fall forty-nine perpendiculars to denote tho fall by 
gravitv, and joins the fifty points by a curve line, which is tho true trajectory to tho tenths of 
Hcconila of time. 
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51. But the instrument will not servo for any velocities beyond 800 ft. a second, l>ecauso, os 
said in paragraph 4, we have not the data, and private experiments are not autlioritative. 

52. The want of such an instrument is 

very strikingly shown by an error contained 
in the clever little Text-Book for officers, 
sent to the Schools of Musketry, published 
by authority. 

53. We read, in p. 8, that it was found 
in France that tho range of the common 
percussion musket, with the regulation 
charge, at an angle of from 4° to 5' J , was 
040 yds., or 1020 ft., and that the usual 
velocity was **»ome 500 yds. |>er second.” 
or, in our usual mode of expressing it, 

1500 ft. per second. 

54. We shnll show how far from correct 
this is. Taking the elevation as 4*. then 
wo multiply the range by the tangent of 
the elevation, 1920 X tan. 4° = 134*20 ft., 
for the fall by gravity in the time of flight, 
which is therefore 2*9 seconds (2*890* x 
10*0104 = 134*270) ns the time of flight, 
and we And the oblique ascent, 1920 X 
seennt 4° = 1924*7 ft. 

55. Dividing the oblique ascent by the 
time of flight, we have 003*7 ft. a second 
ns the mean velocity of the ascent. 

50. Our instrument is only graduated 
for seconds, us shown in Fig. 3345, tut the 
Table quuted in paragraphs 18 ami 19 
shows how it would be read if graduated 
to the tenth parts of seconds, which wo 
shall suppose to be done. 

57. We find that a fall of 27*15 seconds 
would give a velocity of 003*9 ft. a second, 
then if wc add half the time of flight, 

2*9 

-g- = 1*45, to the time for the mean velo- 
city. 27*15 seconds, we have 28*0 seconds 
as the time for the initial velocity, ami 
the difference between the same two is the 
time for the final velocity, 25 * 7 seconds. 

58. Our Table D shows us that tho 
velocity for 28*0 seconds is 087 ft., that 
for 25*7 seconds is 039*07 ft. a second; 

these contrast strongly with the 1500 ft . . . , . .., 4 .... . al . . . c 

velocity quoted by the Text-Book from the Instrument '<> facilitate tlw drawing of the trajectory of any 
French. ball at any elevation with iuiy velocity. 
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Table A.— Ascent, Descent, Ranges, and Elev ations fou Initial Velocity, 7C1 feet 

a SECOND. 


Seconds 

< 

Ascent. 



Descent. 

Binge. 

Elevation. 

of Time. 

Cumulative. 

Gradual. 

DUfereitce*. 

I 

feet, 

754*147 

feet. 

754*147 ! 

feet. 
•• ^ 


f<TL 

16*2 

feet. 

754*0 

a » » 

1 13 51 

2 

1495*434 

741*287 1 

12*86 


64*4 

1494*0 

2 28 5 

3 

2223*261 

727*827 

13*46 


144*0 

2218*6 

3 42 47 

4 

2937*028 

718*767 ! 

14*66 


254*4 

2926*0 

4 58 9 

5 

3036*135 

699*107 | 

14*66 


895*0 ! 

3614*6 

6 14 11 

0 

4319*982 

683*847 | 

15*26 


565*2 1 

4282*8 

7 81 4 

7 

4987*969 

667*987 

15*86 


704*4 

4929*0 

8 48 55 

8 

5639*496 

651*527 1 

16*46 

0*6 

992*0 

5551*5 

10 7 52 

« 

627:i;kei 

634*467 1 

17*00 

1217*4 

6229*5 

11 28 4 

10 

6890*77 

616*807 

17*66 


1530*0 1 

6718*7 

12 49 43 

11 

7189*317 

598*547 

18 26 


18:19*2 | 

7260*0 

11 12 55 

12 

80(19*004 

579*687 

18*86 


2174*4 

7770*5 

15 37 59 

13 

8629*231 

560*227 

19*46 


2535*0 

8248*5 

17 5 1 

14 

9169*398 

540*167 

20*06 


2920*4 

8092*0 

18 34 19 

15 

9688*905 

519*507 

20*66 


8330*0 

9098*6 

20 0 7 

10 

10187 * 152 

1 

498*247 

21-20J 


3703*2 

9166*6 

21 40 44 
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Table A — continued. 


Seconds 
t>l Time. 

Ascent. 

Descent. 

Range. 

Elevation. 

Cumulative. 

Gradual. 

IHUVrencea. 


fret. 

fret 

feet. 


feet. 

feet. 

O t M 

17 

10003-539 

476*387 

21*86 


4219*4 

9798*3 

23 18 31 

18 

11117*400 

459*927 

22*46 


4698*0 

10076*0 

24 59 50 

11» 

11548*333 

430*867 

23*06 


5198*4 

10312-2 

26 44 46 

20 

11955*54 

407*207 

23*66 


5720*0 

10498-4 

28 35 0 

21 

12338*487 

382*917 

24*26 


6262*2 

10631*2 

30 29 0 

22 

iasto-574 

358-087 

24*86 


0824-4 

10706-5 

32 30 49 

23 

13029*201 

332*627 

25*46 


7406*0 

10719-7 

34 38 23 

24 

13335*768 

306*567 

26*06 


8006*4 

10664*9 

36 .53 47 

25 

13015*675 

279*907 

26*66 


8625*0 

10535*4 

39 18 21 

26 

13868*322 

252*647 

27*26 


,9261*2 

10322*8 

41 53 60 

27 

14093* 109 

224*787 

27 W! 


9914*4 

10016*0 

44 42 28 

28 

14289*436 

196*327 

28-40 


10584-0 

9600* 

47 47 24 

20 

14456*703 

167*267 

29-00 


11269*4 

9055*0 

51 13 2 

30 

14594*31 

137*607 

29-00 


11970*0 

8349-4 

55 8 11 

31 

14701*657 

107*347 

30*26 


12685-2 

7431*3 

59 38 14 

32 

14778*114 

76*487 

30*86 


13414-4 

6200*0 

65 11 31 

33 

14823*171 

45*027 

31*46 


14157-0 

4393*8 

72 45 27 

83*9 

14836*9011 

12-907 

32*09 


14836*3 

00 

90 0 0 


Taiile B.— Ranges at 45° Elevation, with the Times or Flight deduced, and the Initial 
Velocity detebmixkd. 


Range and Fall. 

Time of 
Flight. 

Oblique Ascent. 

Unexplred 
Time of 
Aeceut 

Time of 
Flight At 
Elevation 9tF. 

Vertical Ascent. 

Initial 

Velocity. 

yard*. 

100 

feet. 

300 

4*3485 

424*26 

0-903 

5-253 

435-29 

162*87 

200 

600 

6*2 

848*53 

1-31 

7-51 

870*96 

228 0 

300 

900 

7-61 

1272*79 

1-64 

9-25 

1316-52 

275-8 

400 

1200 

8*82 

1697*06 

1*93 

10-75 

1759-54 

3152 

500 

1500 

9-9 

2121-32 

2*16 

12 06 

2195*33 

350 0 

GOO 

1800 

10*88 

2545-58 

2-39 

13-27 

2636*64 

379 0 

790 

2100 

11*785 

2969*84 

2*615 

14-4 

3081 *87 

407-0 

800 

2400 

12*635 

3394* 11 

2*815 

15-45 

3522*05 

432 -0 

900 

2700 

13*436 

3818-37 

3 - 004 

1614 

8961*13 

454-8 

10(H) 

3000 

14*21 

5242-63 

319 

17-4 

440819 

476‘4 

1100 

3300 

14*93 

4666*89 

3*37 

18-3 

4845*86 

496 0 

1200 

3600 

15*63 

5091 * 16 

3*53 

19*16 

5280*45 

514*3 

1300 

3900 

16*305 

5515-42 

3*725 

20-03 

5736*0 

532*7 

1400 

1200 

16*96 

5939*68 

3-9 

20-86 

6185 0 

550 0 

1500 

4500 

17 59 

6363-96 

4 06 

21*65 

6625*89 

565-0 

1G00 

4800 

18-207 

6788*22 

4*22 

22*427 

7070-4 

580-0 

1700 

5100 

18*81 

7212*48 

4-38 

23*19 

7518*65 

595*0 

1»00 

5400 

19-39 

7686*75 

4-5:4 

23*92 

7957-79 

608 0 

1900 

5700 

19*964 

806101 

4-7 

24-664 

8412*6 

621*0 

2000 

6000 

20*521 

8485-28 

4-8.8 

25-41 

8383-0 

634*0 

2100 

6500 

21*0695 

8909*55 

50 

26-0695 

9209-32 

646 0 

2200 

6600 

21*605 

9333*81 

5-15 

20-75 

9749-54 

657*3 

2300 

6900 

22*13 

9758 07 

5-3 

27 43 

10200-35 

668-5 

2400 

7200 

22*65 

10182-33 

5-45 

28 1 

10651 -81 

679 0 

2500 

7500 

23*16 

10606*6 

5-6 

28-76 

1110318 

689-5 

26<I0 

7800 

23*66 

11030-86 

5-74 

29-4 

11547*85 

700- 0 

2700 

8100 

24*15 

11455*13 

5-9 

30 05 

12005*42 

708*7 

2800 

8400 

24*64 

11879*89 

0 04 

80-68 

12151-79 

7176 

2900 

8700 

25*12 

12303*66 

6-18 

31-3 

12902*52 

726 4 

3000 

9000 

25-593 

12727-92 

8-331 

31-93 

13362*91 

735*0 

3100 

9300 

26*06 

1315218 

6-48 

32-54 

1:4813-77 

743*0 

3200 

9600 

26*521 

13576*44 

6-619 

33-14 

14262 0 

751*0 

xm 

9900 

20-979 

nooo-71 

6*761 

33-74 

14714-8 

758-2 

3327 

9981 

27*1 

14115-76 

6*8 

33-9 

14836 3 

761 0 
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Table C. — Ranges at 45 3 Elevation, with the Times or Flight deduced, with the Initial 
Velocities detebmined by M. Lombard. 

From the Aide Me'raoirc a l’tunge dcs Ofilciere d’Artillerie, p. 431. 

Reduced to English Measures. 


Velocity, j 

Range. 

i Time. 

! Velocity. 

! Range. 

Time. 

| Velocity. 

1 Rand*!. ' 

Time. 

81*2 ’ 4 

12431-34 

, 30*65 

1 679*15 

8787*26 

! 25*26 

439-64 

1 4252*05 

17*06 

784 • 14 

10699*0 

, 28*16 

000*97 

7565*76 

23*26 

! 304-18 

8625*4 

15*69 

695 * 55 

9225*9 

i 25*95 | 

544*63 

6483*07 

21*4 

1 354*34 

3064*36 

14-35 

828*87 

7949*6 

l 23*9 

488-83 

5588*17 

19*65 

318*25 | 

2552-54 

13*05 

557 75 

6>>07*9 

21*96 

439*64 

4675*29 

17*95 

282*16 1 

2103*06 

11-8 

501 -!>8 

5813-70 

20-175 

393*71 

389115 

16*28 , 

249*35 

1692*95 

10*54 

449*48 

4311-5 

18*43 

347 78 

3202*16 

14*7 | 

216*54 

1328*77 

9*3 

400*27 

4084*7 

16-7 

308-41 

3238-25 

14-78 

285-44 

1010*52 

8 03 

857*62 

8369-5 

: i5-i 

269*03 

20270 j 

11*58 




314 1*7 

27100 

13-40 

229*00 

1542*02 1 

10 04 , 




275*6 | 

21233 

11*86 


.. 





220*26 

10175 

103 


•* 

•• | 



•• 


Table D.~ The Fall by Gravity as modified by the Resistance of tiie Atmosphere. 


The sqoarr of the 
time of falling X 
by the ftuttttituie 
for 16 ,> f . 

Fall by gravity 
iU the whole 
time. 

Fall In each 
tenth or a 

BWoOll. 

Velocity 

acquired. 

The aqnare of the 
time of falling X 
l-> the MUbditUte 
for 

Fall by gravity 
lu the whole 
time. 

Kail in each 
tenth of a 
wound. 

Velocity 

acquired. 

01*x 16*29 

0-1029 

0-4883 

3 "750 

l-b-’x 15 

84 

335*1744 

14*5103 

143*611 

2 

8 

0*6512 

*8131 

7-007 

7 

3 

490847 

•8081 

6*592 

3 

7 

1*4648 

11373 

10-252 

8 

2 

04-4928 

151053 

9*467 

4 

6 

2*6016 

•4009 

13*491 

9 

1 

79*5981 

•4019 

152530 

5 

5 

4*0625 

*7839 

16*724 

50 

80 

95* 

*6979 

5-5 

6 

4 

5-8464 

2*1063 

10*95! 

1 

79 

410 -C979 

*9933 

8*456 

7 

3 

7-9527 

•4281 

22*172 

2 

8 

20-0912 

1C-2881 

101-407 

8 

2 

103808 

*7493 

25*387 

8 

7 

42*9793 

*5823 

4*352 

9 

1 

18*1801 

8*0699 

28-590 

4 

6 

59*5616 

*8759 

7291 

1*0 

•20 

16-2 

•3899 

31-8 

5 

5 

70-4375 

171089 

170-224 

1 

19 

19-5899 

*7093 

34*996 

6 

4 

93*6064 

*4613 

3*151 

2 

8 

28*2902 

4 0281 

38187 

7 

3 

511-0077 

•7581 

0-072 

3 

7 

27-3273 

•3463 

41-372 

8 

2 

28-8208 

18*0443 

8-9S7 

4 

6 

31-6730 

*6689 

44*551 

9 

1 

40-8651 

*3349 

181*896 

5 

5 

36*3375 

•9809 

47-724 

60 

70 

65-2 

*6249 

4-8 

6 

4 

41-3184 

5 • 2!>73 

50*892 

1 

69 

83-8249 

•9143 

7 096 

7 

8 

40*0157 

*0131 

54*052 

2 

8 

602-7392 

19-2031 

190-587 

8 

2 

52-2288 

*9283 

57*207 

3 

7 

21*9423 

•4913 

3*472 

9 

1 

581571 

6*2429 

00-950 

4 

6 

41*4336 

•7789 

6*351 

20 

*10 

04-4 

*5569 

04-1 

5 

5 

01-2125 

20*0659 

9-224 

1 

•09 

70-9569 

•8703 

07-230 

6 

4 

81 -2784 

*3523 

202091 

2 

08 

77*8272 

7*1831 

70-307 

7 

3 

701-6307 

•0381 

4*952 

3 

*07 

85*0103 

-4953 

73-492 

8 

2 

22-2688 

*9233 

7*807 

4 

•00 

92-5056 

*8009 

76-611 

9 

1 

431921 

21*2079 

210050 

5 

*05 

100-3125 

8*1179 

79*724 

70 

00 

04-4 

*4919 

8-5 

6 

*01 

108-4304 

*4283 

82-831 

1 

59 

85-8919 

•7753 

6*836 

7 

03 

110-8587 

*7381 

85*932 

2 

8 

807-6672 

220581 

9*167 

8 

•02 

125*5968 

9 0473 

88*927 

3 

7 

29*7253 

*3403 

221*992 

9 

*01 

1340441 

*3559 

92*016 

4 

0 

52-0050 

•0219 

4-811 

30 

•00 

144- 

•6639 

95 1 

5 

5 

74*6875 

•9029 

7*624 

l»x 15 

•99 

158*6639 

*9713 

8 176 

6 

4 

97-5904 

23-1833 

230-431 

2 

s 

103 0352 

10-2781 

101-247 

7 

3 

920-7737 

•4031 

8*232 

3 

7 

173-9133 

•5843 

4*312 

8 

2 

44-2368 

•7423 

6*027 

4 

6 

184*4976 

*8899 

7-371 

9 

1 

67*9791 

240209 

8-816 

5 

5 

195-3875 

111949 

110 424 

80 

50 

92* 

•2989 

241*6 

6 

* 

206-5824 

•4993 

3-471 

1 

49 

1010 -21>89 

•5703 

4-376 

7 

a 

18-0817 

•8031 

6*512 

2 

8 

40-8752 

*8531 

7147 

8 

2 

29-8848 

121063 

9*547 

3 

7 

65*7283 

25*1293 

9*912 

9 

1 

41-9911 

*4089 

122-576 

4 

G 

90-8570 

•4049 

252-671 

40 

*90 

54*4 

*7109 

5*6 

5 

5 

1110*2025 

•0799 

5-424 

1 

*89 

67-1109 

13*0123 

8-616 

6 

4 

4THH2I 

•9543 

8-171 

2 

8 

80-1232 

*3131 

131027 

7 

3 

07-8907 

26*2281 

260*912 

3 

7 

93*4363 

*0133 

4*632 

8 

2 

94*1248 

*51)13 

3*647 

4 

6 

307*0496 

•9129 

7*631 

9 

1 

1220-6201 

*7739 

C-376 

5 

5 

20*9625 

14*2119 

140-624 

9*0 

40 

47-4 

27*0459 

9*1 
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Table D — continued. 


T 

•*g'. 

Fall In the 
whole limp. 

Fall hi each 
tenth of a 
•ecund. 

Velocity 

acquired. 

T>XJ' 


Fall In the 
whole time. 

Fall in each 
tenth of a 

NCCOltd. 

Velocity 

acquired. 

91* 

X 15*39 

12744459 

27-3173 

271816 

161*x 14 

69 

3807*7949 

44*8243 

447*096 

2 

8 

1301 ‘703*2 

•5881 

4-527 

2 

8 

52*6192 

45*0531 

9*387 

3 

7 

293513 

*8583 

7'232 

3 

7 

97*6723 

•2813 

451-672 

4 

6 

07*2096 

28*1279 

9*931 

4 

6 

3942 * 9536 

•5089 

3*951 

5 

5 

85-3375 

*3969 

282*624 

5 

5 

88*4625 

*7359 

6*224 

G 

4 

1413*7344 

*6653 

5*311 

6 

4 

4034*7984 

*9623 

8*491 

7 

3 

42*31197 

•9881 

7*992 

7 

3 

80*1607 

46*1881 

460*752 

8 

2 

71*3328 

29*2003 

290*667 

8 

2 

4126*8468 

*4133 

3*007 

9 

1 

15(>0*5331 

*4669 

3-336 

9 

1 

72*7621 

* 6379 

5-256 

10-0 

*30 

30* 

*7329 

6- 

17*0 

60 

42194 

*8619 

7*5 

1 

*29 

59-7329 

*9983 

8-656 

1 

59 

66-2619 

47*0853 

9*736 

2 

8 

89-7312 

30-2631 

301-307 

2 

8 

43133472 

*3081 

471*967 

8 

7 

1619-9943 

•5273 

8*952 

3 

7 

60 * 6553 

*5303 

4*192 

4 

6 

50-5216 

*718)7 

6-591 

4 

6 

4408-1836 

*7519 

6-411 

5 

5 

81*3125 

31*0539 

9*224 

5 

5 

55-9375 

*9729 

8*624 

6 

4 

1712-3664 

•3163 

311-851 

6 

4 

4503-9104 

481933 

480*831 

7 

3 

43-6827 

•5781 

4-472 

7 

8 

52-1037 

*4131 

3 032 

8 

2 

75-2608 

•8393 

7 027 

8 

2 

4600*5168 

*6323 

5*227 

9 

1 

18071001 

320999 

9-696 

9 

1 

49*1491 

•8509 

7-416 

11*0 

*20 

39-2 

•3599 

322*3 

18 0 

50 

98* 

49-0689 

9*6 

1 

*19 

715599 

•6193 

4-896 

1 

49 

47470689 

•2863 

491-776 

2 

8 

1904-1792 

•8781 

7-487 

2 

8 

96-8552 

*5031 

3-947 

3 

7 

37-0573 

33*1363 

330072 

8 

7 

4845*8583 

•7193 

6*112 

4 

G 

701936 

•3939 

2-651 

4 

6 

95 • 5776 

*9349 

8*271 

5 

5 

2003*5875 

•6509 

5-224 

5 

5 

4945-5125 

50*1499 

500-424 

6 

4 

37 2384 

•9073 

7-791 

6 

4 

95*6624 

*3643 

2-571 

7 

3 

711457 

34-1631 

340*352 

7 

3 

50450267 

*5781 

4-712 

8 

2 

2105-3088 

•4183 

2-907 

8 

2 

095*6048 

*7913 

6-847 

9 

1 

397271 

•6729 

5-456 

9 

1 

146-3961 

51*0039 

8-976 

12*0 

*10 

74-4 

•9209 

8* 

190 

40 

198*4 

•2159 

511*1 

1 

*09 

2209 * 3269 

351803 

850-536 

1 

89 

249-6159 

*4273 

3-216 

2 

8 

44-5072 

•4331 

3 067 

2 

8 

3010432 

•6381 

5-327 

3 

7 

79-9403 

•6853 

5-592 

8 

7 

352-6813 

*8483 

7*432 

4 

6 

2315-6256 

•9369 

8111 

4 

G 

404*5296 

52*0579 

9-531 

5 

5 

51-5625 

361879 

360-624 

5 

5 

4565875 

• 2669 

521*624 

6 

4 

87-7504 

•4383 

3131 

6 

4 

508-8544 

*4753 

3*711 

7 

3 

24241887 

•6881 

5-632 

7 

3 

561 •8297 

*6831 

5*792 

8 

2 

60*8768 

•9373 

8 127 

8 

2 

6140128 

*8903 

7*867 

9 

1 

978141 

371859 

370-616 

9 

1 

666*9081 

53*0969 

9-936 

13*0 

*00 

2535- 

•4339 

31 

20*0 

30 

720- 

•3029 

532* 

l*x 14-99 

72-4339 

•6813 

5*576 

1 

29 

773-3029 

*5083 

4*056 

2 

8 

26101152 

•9281 

8*047 

2 

8 

826-8112 

*7131 

S’ 1 ®* 

3 

7 

48*0433 

38*1743 

380*512 

3 

7 

880-5243 

*9173 

8-152 

4 

6 

86*2176 

*4199 

2*971 

4 

6 

934-4416 

54*1209 

540191 

5 

5 

2724*6375 

•6649 

5*424 

5 

5 

988-5625 

•3239 

2*224 

6 

4 

63-3024 

•9093 

7*871 

6 

4 

6042-8864 

*5263 


7 

3 

2802-2177 

39*1531 

390*312 

7 

8 

097-4127 

*7281 

6-272 

8 

2 

41-3648 

•3963 

2-747 

8 

8 

1621408 

*9293 

8-287 

9 

1 

80-7611 

•6389 

5176 

9 

1 

207*0701 

55*1299 

550-296 

14*0 

•90 

2920-4 

•8809 

76 

21-0 

20 

262-2 

*3399 

2*3 

1 

*89 

60-2809 

40- 1223 

400-016 

1 

19 

317-5299 

*5293 

4*296 

2 

8 

3000-4032 

*3631 

2-427 

2 

8 

873*0592 

*7281 

6-287 

8 

7 

40*7663 

•6033 

4*832 

3 

7 

428-7873 

*9263 

8*272 

4 

6 

81-3696 

*7429 

7*231 

4 

6 

484*7136 

561239 

560-251 

5 

5 

3122-2125 

•9819 

9-624 

5 

5 

540-8375 

•3209 

2*224 

6 

4 

63-2944 

41*8203 

412011 

6 

4 

5971584 

♦5173 

4191 

7 

3 

3204-6147 

•5581 

4-392 

7 

3 

653-6757 

*7131 

6 152 

8 

2 

46*1728 

•7953 

6 767 

8 

2 

710-3888 

•9083 

8-107 

9 

1 

87*9681 

42-0319 

9*136 

9 

1 

767-2971 

57*1029 

570 • 056 

150 

■80 

3330 • 

•2679 

421*5 

22*0 

K0 

824-4 

•2969 

2* 

1 

*79 

72*2679 

•5003 

3-856 

I 

09 

881-6969 

•4903 

8*936 

2 

8 

3414*7712 

'7381 

6-207 

2 

8 

9391872 

•6831 

5*867 

3 

7 

57*5093 

•9723 

8-552 

3 

7 

996-8703 

•8753 

7*792 

4 

6 

3500-4816 

43-2059 

430-891 

4 

6 

7054-7456 

58*0669 

9-711 

5 

5 

43-6875 

•4389 

8*224 

5 

5 

112-8125 

*2579 

581-624 

6 

4 

871264 

•6713 

5*551 

6 

4 

171 0704 

*4483 

3*531 

7 

3 

3630-7977 

•9031 

7-872 

7 

3 

229*5187 

*6381 

5*432 

8 

2 

74*7008 

44*1343 

440187 

8 

2 

288*1568 

*8273 

7*327 

9 

1 

3718*8351 

•3649 

2-496 

9 

1 

346-9841 

59*0159 

9*216 

16 0 

*70 

63-2 

•5949 

4-8 

230 

00 

406- 

*2039 

591*1 


5 ft 
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Table D — continued. 




Velocity 1 
•CquimL 

T* Xff' 


Fall in the 
whole time. 

Fall In each 
tenth of a 
second. 

Velocity 

acquired. 

23*l»x 13*99 

7465*2039 1 59*3913 

592*976 

30 • I s x 13*29 

12040-8729 

71-0183 

709*456 

2 

S 

524*5953 1 *5781 

4 847 

2 

8 

111*8912 

1631 

710-907 

3 

7 

584*1733 ! *7013 

6-712 

3 

7 

183*0543 

*3073 

2*352 

4 

6 

643*9376 *9499 

8*571 

4 

6 

254*3616 

•4509 

3*791 

5 

5 

703*8875 ! 60*1319 

600*424 

5 

5 

825*6125 

*5939 

5*224 

6 

4 

764 0224 *3193 

2*271 

6 

4 

397*4064 

*7363 

6*651 

7 

3 

824*3417 *5031 

4*112 

7 

3 

469*1427 

■8781 

8*072 

8 

2 

884*8448 *6863 

5*947 

8 

2 

541 0208 

72*0193 

9*487 

9 

1 

945*5311 *8689 

7*776 

9 

1 

6130101 

* 1599 

720 -KWi 

240 

•oo 

8006*4 61*0509 

9*6 

31 0 

•20 

685-2 

*2999 

2 3 

1 

•89 

067*4509 , *2323 

611*416 

1 

*19 

757*4999 

*4393 

8*696 

2 

8 

128*6832 *4131 

3*227 1 

2 

8 

829*9392 

■5781 

5-087 

3 

7 

190-0963 1 -5938 

5*032 

3 

7 

912*5173 

*7163 

6*472 

4 

6 

251*6896 i *7729 

6*831 ; 

4 

6 

975 - 2336 

*8539 

7*851 

5 

5 

313 4625 1 *9519 

8-621 

5 

5 

13048*0875 

*9909 

9-224 

6 

4 

375*4144 1 62*1302 

620-411 

6 

4 

121*0784 

73*1273 

730-591 

7 

3 

437 *5447 | *3081 

2 192 

7 

3 

194*2057 

*2631 

1*952 

8 

2 

499*8528 *4853 

3*967 

8 

2 

267*46 88 

*3983 

3*307 

9 

1 

562*3381 *0619 

5-736 

9 

1 

340-8671 

*6329 

4 - 656 

250 

•80 

625* *8379 

7*5 

32 0 

*10 

414-4 

•6669 

6- 

1 

•79 

687*8379 j 63*0133 

9*256 

1 

•on 

488*0669 

*8003 

7*336 

2 

8 

790-8512 -1881 

631*007 

2 

8 

561 *8672 

•9331 

8 667 

3 

7 

814*0393 *3623 

2*752 

3 

7 

035 • 8003 

74*0653 

9*992 

4 

6 

877-1016 1 *5359 

4-491 

4 

6 

709*8656 

• 1969 

741*311 

5* 

5 

940*9375 i *7089 

6-221 

5 

5 

784*0625 

*3279 

2*624 

6 

4 

9004*6464 i *8813 

7*951 

6 

4 

858*3904 

*4583 

3*931 

7 

8 

068*5277 64*0531 

9*672 

7 

3 

932*8487 

*5881 

5*232 

8 

2 

132 *5808 j *2*243 

641*887 

8 

2 

14007*4368 

*7173 

6 527 

9 

1 

196*8061 | *8949 

3-096 

9 

1 

082*1541 

*8459 

7*816 

260 

*70 

261-2 *5649 

4*8 

33*0 

•00 

157* 

•9739 

91 

1 

•69 

325-7649 *7343 

6*496 | 

1*X 12*99 

231*9739 

75*1013 

750*376 

2 

8 

390*4992 ! *9031 

8-187 

2 

8 

307*0752 

*2281 

1*647 

3 

7 

455-4023 65-0713 

9*872 

3 

7 

382*3033 

*3543 

2*912 

4 

6 

520-4736 - 2389 

651*551 

4 

6 

457*6576 

•4799 

4*171 

5 

5 

585-7125 ! -4059 

3*224 

5 

5 

533' 1375 

*6049 

5*424 

6 

4 

651 1184 • 5723 

4-891 

6 

4 

608*7424 

*7293 

6-671 

7 

3 

716-6907 * 738 1 

6*552 

7 

3 

684-4717 

*8581 

7*912 

8 

2 

7824288 *9033 

8*207 : 

8 

2 

760-3248 

•9763 

9*147 

9 

i 

848*3321 66*0679 

9-850 

9 

1 

836*3011 

76*0989 

760*376 

270 

•GO 

914*4 *2319 

661-5 

34*0 

*90 

912-4 

*2209 

16 

1 

•59 

980*6319 -3953 

3*136 

1 

•89 

980-6209 

•3423 

2816 

2 

8 

10047*0272 -5581 

4-767 

2 

8 

15064*9632 

*4631 

4 027 

3 

7 

113-5853 1 -7203 

6*392 

3 

7 

141*4263 

•5833 

5*232 

4 

G 

180-3056 - 8819 

8011 

4 

6 

218*0096 

•7029 

6-431 

5 

5 

247-1875 670129 

9-621 

5 

5 

294*7125 

•8219 

7li« 

6 

4 

314*2304 1 *2033 

671231 

6 

4 

371*5344 

*9403 

8-811 

7 

3 

381*4337 ‘3631 

2*832 

7 

3 

4481717 

77*0581 

9*992 

8 

2 

448*7968 -5223 

4*427 

8 

2 

525-5328 

*1753 

771 167 

9 

1 

516*3191 *6809 

6*016 

9 

I 

602-7081 

*2919 

2 336 

280 

•50 

584- -8389 

7*6 

350 

•80 

680- 

•4079 

3-5 

1 

•49 

651*8389 *9968 

9*176 

1 

•79 

757-4079 

*5233 

4*656 

2 

8 

719*8352 68*1531 

680*747 

2 

8 

834*9312 

•6381 

5-S07 

3 

7 

787*9883 *3093 

2*312 

3 

7 

912-5693 

•7523 

6*952 

4 

G 

856*2976 *4649 

3-871 

4 

6 

990*3216 

■8«59 

8*091 

5 

5 

924*7625 *6199 

5*424 

5 

5 

16068-1875 

*9789 

9 224 

6 

4 

993-3824 -7743 

6*971 

6 

4 

146*1664 

78*0913 

780-351 

7 

3 

11062*1567 * 9281 

8-512 

7 

3 

224-2577 

-2031 

1*472 

8 

2 

131-0848 690813 

690 017 

8 

2 

302 ‘ 4608 

•3113 

2-587 

9 

1 

200* 1601 *2339 

1*576 

9 

1 

380*7751 

*4249 

3*696 

29 0 

•40 

269-4 *3859 

I 3 1 

36*0 

•70 

459*2 

•5349 

4-8 

1 

•39 

338-7859 *5373 

4*616 


•69 

537*7349 

•6443 

5-896 

2 

8 

408-3232 1 -6881 

| 6*127 

2 

8 

616*3792 

■7551 

6-987 

3 

7 

4780113 j • 8383 

7 " 632 

3 

7 

695*1323 

•8613 

8 072 

4 

6 

547*8496 *9879 

9 131 

4 

6 

773-99341 

1 -9689 

9*151 

5 

5 

617*8375 70*1369 

700-624 

5 

5 

852-9625 

j 79-0759 

790-224 

6 

4 

687 '9744 2853 

2111 

6 

4 

9320384 

*1823 

1*291 

7 

3 

7582597 4331 

3*592 

7 

3 

17011-2207 

•2881 

! 2-35:1 

8 

2 

828-6928 *5803 

5*067 

8 

2 

090*5038 

•3933 

3-407 

9 

1 

899-2731 *7269 

6*586 

9 

1 

169-9021 

•4979 

4 * 456 

30 0 

•30 

970- -8729 

8- 

370 

•60 

249-4 

•6019 

5*5 
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Table D — continued. 


T*X0‘. 

- 

Kail In the 

who t>- Utno. 

Fall In each 
tenth of a 
aeroni]. 

Velocity 

acquired. 

T» x f 4 . 

Fall in the 
whole time. 

Fall in each 
tenth of u 
Nccond. 

Velocity 

acquired. 

371*x 12*59 

17329*0019 

79*7053 

796*586 

41* l s x 11 

89 

28128*7909 

85*4523 

854*216 

2 

8 

408*7072 

*8081 

7*567 

2 

8 

209-2432 

•5131 

4*827 

3 

7 

488*5158 

*9103 

8*592 

3 

7 

294-7503 

*5733 

5*432 

4 

6 

509 -4256 

80*0119 

9*611 

4 

6 

380-3296 

•6329 

6*031 

5 

5 

648*4735 

*1129 

800*621 

5 

5 

465*9625 

•6919 

6*624 

6 

4 

728*5504 

*2133 

1*681 

« 

4 

551 -6544 

•7503 

7211 

7 

3 

808*7687 

*3131 

2-682 

7 

3 

687*4647 

*8081 

7 792 

8 

2 

889 "0708 

*4123 

3*620 

8 

2 

723-2128 

•8653 

8*367 

9 

1 

969*4891 

*5109 

4*016 

9 

1 

809*0781 

•9219 

8*936 

380 

50 

18050* 

•6089 

5-6 

45*0 

80 

895* 

•9779 

9*5 


49 

180*6089 

*7003 

6*576 

1 

79 

980-9779 

86*0333 

860*056 

2 

8 

211*3152 

*8031 

7-547 

2 

8 

24067*0112 

•0881 

0*607 

3 

7 

292 1183 

*8993 

8*512 

3 

7 

153-0993 

*1423 

1*152 

4 

G 

373*0176 

*9949 

9*471 

4 

6 

239*2410 

•1959 

1*091 

5 

5 

454*0125 

81 * 0899 

810* 124 

5 

5 

325*4375 

•2489 

2*224 

G 

4 

525*1024 

*1843 

1*371 

G 

4 

411*6864 

•3013 

2*751 

7 

3 

616*2867 

*2781 

2*312 

7 

3 

497-9877 

•3531 

8*272 

8 

2 

697*5048 

*3713 

3*247 

8 

2 

584*3108 

•4043 

3*787 

9 

1 

778*9361 

*4639 

4* 170 

9 

1 

670-7451 

•4549 

4 *296 

39*0 

40 

800*4 

*5559 

51 

16 0 

70 

757 2 

•5049 

4*8 

1 

39 

9419559 

*6473 

6*016 

1 

69 

843-7049 

*5543 

5*296 

2 

8 

19028*6032 

•7381 

6-927 

2 

8 

930 • 2592 

•6031 

5-787 

3 

7 

105*3413 

•8283 

7*832 

3 

7 

25016-8623 

•6513 

6*272 

4 

6 

187*1996 

•9179 

8*731 

4 

6 

103*5136 

•6989 

6*751 

5 

5 

269*0875 

82*0009 

9*624 

5 

5 

190*2125 

•7459 

7*224 

6 

4 

351 *0944 

•0953 

820*511 

6 

4 

276*9584 

•7923 

7*691 

7 

3 

433*1897 

*1831 

1*392 

7 

3 

363*7507 

•8381 

8*152 

8 

2 

515*3728 

*2703 

2 267 

8 

2 

450*5888 

•8833 

8*007 

9 

1 

5:>7*G431 

•3569 

3*130 

9 

1 

537*4721 

•9279 

9-056 

40*0 

30 

680* 

*4429 

4* 

47-0 

GO 

024*4 

•9719 

9*5 

1 

29 

762*4429 

*5283 

4*850 

1 

59 

711-3719 

87*0153 

9-93C 

2 

8 

844*9712 

*6131 

5*707 

2 

8 

798-3872 

■0581 

870*307 

3 

7 

927*5843 

*6973 

0*552 

3 

7 

885*4453 

•1003 

0*792 

4 

G 

20010*2816 

*7809 

7*391 

4 

6 

972-5456 

•1419 

1*211 

5 

5 

093*0025 

*8639 

8*224 

5 

5 

26059-6875 

•1S29 

1*624 

6 

4 

175*9264 

*9463 

9 051 

6 

4 

146-8704 

*2233 

2*031 

7 

3 

258*8727 

83*0281 

9-872 

7 

3 

234*0937 

•2631 

2*432 

g 

2 

341*9008 

*1093 

830-087 

8 

2 

321*3568 

•3023 

2*827 

9 

1 

4*25*8101 

•1899 

1*496 

9 

1 

408*6391 

*3409 

»•«« 

41*0 

20 

508*2 

•2099 

2*3 

480 

50 

496* 

•3780 

3*6 

1 

19 

591*4699 

•3493 

3 096 

1 

49 

583*3789 

•4163 

3-976 

2 

8 

674*8192 

*4281 

3 887 

2 

8 

670*7952 

*4531 

4*347 

3 

7 

758*2473 

•5063 

4*672 

3 

7 

758*2483 

•4893 

4-712 

4 

G 

841*7536 

•5839 

5*451 

4 

0 

845-7376 

•5249 

5*011 

5 

5 

925*3375 

•6609 

6*224 

5 

5 

933*2625 

•5599 

5*424 

6 

4 

21008*9984 

•7373 

6*991 

6 

4 

27020-8224 

•5943 

5-771 

7 

3 

092*7357 

•8131 

7*752 

7 

3 

108*4167 

•6281 

6112 

8 

2 

176*5488 

•8883 

8*507 

8 

2 

1 96 * 0448 

•6618 

6-447 

9 

1 

260*4371 

•9629 

9*250 

9 

1 

283*7061 

•6939 

6-776 

42*0 

10 

344*4 

84-030*9 

840* 

49 0 

40 

371*4 

-7'259 

i * 1 

1 

09 

498*4869 

•1103 

0*736 

1 

39 

459-1259 

•7573 

7416 

2 

8 

512*5472 

•1831 

1 167 

2 

8 

546*8832 

•7881 

7*727 

a 

7 

596*7303 

•2553 

2*192 1 

3 

7 

634*6713 

•8183 

8 032 

4 

G 

680*9856 

• 3629 

2*911 

4 

6 

722*4896 

•8479 

8-331 

5 

5 

765*3125 

•3979 

3-624 

5 

5 

810*3375 

•8769 

8*624 

G 

1 

849*7104 

*4683 

4-331 

6 

4 

898*2144 

•9053 

8*911 

7 

3 

934*1789 

•5381 

5 032 

7 

3 

986*1197 

•9331 

9*192 

8 

2 

22018*7168 

•6073 

5*727 

8 

2 

28074*0528 

*9603 

9-467 

9 

1 

103*3241 

•6759 

6*416 1 

9 


162*0131 

•9869 

9*736 

43*0 

00 

188* 


7 1 

50-0 

30 

250* 

88*0129 

880* 

•1*X 11 

99 

272*7439 

•8113 

7*776 

1 

29 

338*0129 

•0383 

0*250 

2 

8 

357*5552 

*8781 

8*447 

2 

8 

4260512 

•0631 

0*507 

3 

7 

442*4338 

•9443 

9*112 

3 

7 

5141143 

*0873 

0*752 

4 

G 

527*3770 

85*0099 

9*771 

4 

6 

602*2016 

•1109 

0*991 

5 

5 

612*3875 

*0749 

850*424 

5 

5 

690-3125 

* 13311 

1*224 

G 

4 

697*4624 

•1393 

1011 

C 

4 

778*4464 

*1563 

1451 

7 

3 

782*0017 

*2031 

1*712 

7 

3 

866*6027 

•1781 

1-672 

8 

2 

867*8048 

*2663 

2*347 

8 

2 

954*7808 

•1993 

1-887 

9 

1 

953 0711 

*3289 

2-97(5 

9 

1 

29042*9801 

•2199 

2-096 

44*0 

*90 

23038*4 

*3909 

3 6 

510 

20 

131*2 

•2899 

2-3 


5 3 2 
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Table D — continued. 


T *X0‘. 

Fall in the 
whole time. 

Fall In each 
tenth of a 
wctind. 

Velocity 

inquired. 

T’Xff' 


Fall In the 
whole time. 

Fall In each 
tenth of a 
second. 

Velocity 

acquired. 

51 *1 3 X 11 

19 

29219*4399 

88*2593 

882*496 

52-8’x 11 

02 

30721 *9968 

88*4973 

884-627 

2 

8 

307*6992 

•2781 

2*687 

9 

1 

810*4941 

•5059 

5*016 

3 

7 

305*9773 

■2963 

2*872 

53*0 

00 

899* 

•5139 

5*1 

4 

6 

484*2736 

*3139 

3*051 

1 J X 10*99 

987-5139 

*5213 

5*176 

5 

5 

572*5875 

•3309 

3*224 

2 

8 

31076*0352 

•5281 

5*247 

G 

4 

600*9184 

*3173 

3-391 

3 

7 

104*5633 

•5343 

5*312 

7 

S 

749*2657 

*3631 

3-552 

4 

6 

253*0976 

•5309 

5*371 

8 

2 

837*6288 

*3783 

3*707 

5 

5 

341-6375 

•5449 

5*424 

9 

1 

926*0071 

•2929 

3*856 

« 

4 

430 1821 

*5493 

5*471 

520 

10 

30014*4 

•4009 

4 

7 

3 

518*7317 

•5531 

5*512 

1 

09 

102-80G9 

•4203 

4*136 

8 

2 

607*2848 

•5563 

5*547 

2 

8 

191-2272 

•4331 

4*267 

9 

1 

695*8411 

•5589 

5*570 

3 

7 

279*6603 

*4453 

4*392 

54 0 

90 

784*4 

•5609 

5*6 

4 

6 

866*1056 

*4569 

4*511 

1 

89 

872*9609 

*5623 

5*616 

5 

5 

456*5625 

•4679 

4*624 

2 

8 

961*5232 

•5631 

5*627 

6 

4 

545*0304 

•4783 

4*731 

3 

7 

32050*0863 

*5633 

5*632 

7 

3 

633*5087 

•4881 

4*832 
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Gunnery is the science which enables us to determine the path of a shot through the air; it is 
the application of the laws of motion to the flight of military projectiles of every description ; but 
at present Gen. Anstruthcr coufinca his attention to the flight of spherical bodies projected from 
smooth-bored cylinders ; when this is well understood, it will be time enough to inquire what would 
result from using elongated shot or rifled barrels. 

44 If a body be projected (vertically) upwards, with the velocity it acquired in any time by 
descending freely, it will lose all its (upward) velocity in an equal time, and will (if not acted upon 
by gravity) ascend just to the same height from whence it fell, and will describe equal spaces in 
equal times, both in rising and falling, but in an inverse order; nnd it will havo equal velocities 
at any one and tho same point of the line described, both in ascending and descending. 4 * — Ruther- 
ford's Mathematics, 1841, p. 842. 

These words, excepting those in parentheses, are Hutton’s; those in parentheses are absolutely 
required to make the passage truth. For we know, from the second law of motion, that the force 
of gravity, acting upon this body projected vertically upwards, produces the exact same vertical 
descent, in each and every second of the entire time of flight, os it had produced in equal time when 
tho same body was suffered to fall freely from a state of rest. 

Therefore, in tho fall by gravity, as modified by the resistance of the atmosphere, we have at 
once tho inverted reading of the ascent of any ball fired vertically upwards, and we must com- 
pound tho two simultaneous motions, the ascent and the desceut, to obtain tho actual motion of 
tho shot. 

Most unfortunately, observes Anstruther, we possess no reliable reeord of a time of flight ex- 
ceeding 30 seconds; this may justify our inferring the fall in 40 seconds, but no more. The fall in 
40 seconds is (40* x 12-3 =) 19,680 ft., tho velocity acquired by such fall is 824 ft. a second ; wo 
are to determine the path of a ball fired vertically upwards with initial velocity 824 ft a second, 
which we show in tho following tabulated form; — 


8econ<k of 
Time. 

Simultaneous 

Actual Height 
A -I). 

Simultaneous 

Seconds of 
Time. 

| Ascent A. 

Descent D. 

Descent D. 

| Ascent A. i 

20 

13960 

5720 

8240 

5720 

13960 

20 

19 

13417*8 

5198*4 

8219*4 1 

6262*2 

14481*6 

21 

18 

12855*6 

4698 

8157*6 

6824*4 

14982 

22 

17 

12274 

4219*4 

8054*6 

7406 

15460*6 1 

23 

16 

11673*6 ! 

3763*2 

7910*4 

8006*4 

1591G8 

24 

15 

11055 

3330 

7725 

8625 

16350 

25 

14 

10418*8 

2920*4 

7498*4 

9261*2 

16759*6 

26 

13 

9765*6 ! 

2535 

7230*6 

9914*4 

17145 

27 

12 

9096 

2174*4 

6922*6 

10584 j 

17505*0 

28 

11 

8410-6 

1839*2 

6571*4 

11209*4 

17840-8 

29 

10 

7710 

1530 

6180 

11970 

18150 

30 

9 

6994*8 

1247*4 

5747*4 

12685*2 

18432*6 

31 

8 

6263*6 

992 

5273*6 

13414*4 

18688*1 

32 

7 

5523 

764*4 

4758*6 

14157 

18915*6 

33 

6 

4767*6 

565*2 

4202*4 

14912*4 

19114*8 

34 

5 

4000 

393 

8605 

15680 

19285 

35 

4 

3220*8 

254*4 

2966*4 

10459-2 

19425*6 

36 

3 

2430*6 

144 

2286*6 

17249*4 

19536 

37 

2 

1630 

64*4 

1565*6 

18050 

19615*6 

38 

1 

819*6 

16*2 

803*4 

18860*4 

19663*8 

39 

0 

0 

0 

0 

19680 

19680 

40 
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If no fore© were noting upon the projectile, it would, by the first law of motion, move on for 
ever, in a straight line, witn the uniform velocity 824 ft. n second, so that if fired vertically 
upwards, it would, in 40 seconds, ascend to a height of (8*24 x 40 =) 32,960 ft. This motion is, how* 
ever, in fact, modified by the action of two forces — the resistance of the atmosphere and gravity ; 
the former of these reduces the magnitude of the ascent from 32,060 ft. to 19,080 ft. in 40 seconds’ 
time; while the other force, gravity, in the same 40 seconds of time, is counteracting this reduced 
ascent, so that it brings the ball back to the spot from whence it rose, after an actual ascent of 
8240 ft., w-liich is equal to the initial velocity multiplied by one-fourth of the time of flight. Fired 
vertically upwards, the ball will return to the spot from whence it ruse, having no range at all; 
but at any elevation leas than 90° there will be a range which is very easily found, the ascent and 
the descent being both known, the difference between their squares is the square of the range. 

We give Anstruther’s Table, E, showing forty ranges at varying elevations for the velocity 
824 ft. a second ; this will enable us at once to draw the trajectory for any angle of elevation what- 
ever. In any right-angled triangle, lay off upon the hypothenuae ns many of the forty -one ascents 
given in our Table as the case may reouire, and let fall perpendiculars to show by their length the 
simultaneous descent — a line joining the lower ends of all these is the trajectory. 


Taw.r E. — Initial Velocity = 824 fket a second. 


Time. | 

AkwiL 

Descent. 

Range. 

Yu*. 

Log. Sin. 

Elevation. 

1 

819-6 | 

16 2 

819*44 j 

273*15 

8*2959131 

0 

1 

08 

57 

2 

1630 

64-4 

162872 

542-91 

8*5966982 

2 

16 


3 

2430-6 

144 

2426-33 

808-77 

8*7726489 

3 

23 

49 

4 

3220-8 

254-4 

3210-74 

1070-25 

8-8975533 

4 

31 

49-2 

5 

4000 

395 

3980-9 

1327 

8-9945371 

5 

40 


6 

4767 -6 

565-2 

4733-98 

1570 

90739024 

6 

48 


7 

5523 

764-4 

5469-84 

1823*28 

9*1411557 

7 

57 


8 

6265*6 

992 

6186*15 

206205 

9 1995490 i 

9 

06 

34-8 

9 

6994-8 

1247 4 

6882*67 

2294-22 

9*2512304 

10 

16 


10 

7710 

1530 

7556*67 

2518-56 

9 2976371 

11 

26 

45 

11 

8410-6 

1839-2 

8206 64 

2735*55 

9*3398020 

12 

37 

52*6 

12 

9096 

2174-4 

8832-28 

2944-09 

9-3784889 

13 

49 

49*7 

13 

9765-6 

2535 

9430-81 

3143-01 

9-4142791 

15 

2 

43-5 

14 

10418-8 i 

2920-4 

1000113 

3333-71 

9-4476246 

16 

16 

41*4 

15 

11055 

3330 

10541-54 

3512-85 

9-4788855 

17 

31 

51 

16 

11673-6 

3763-2 

11050-4 ! 

3686-8 

9' 5083525 

18 

48 

22*4 

17 

12274 

4219-4 

11525 95 

3841-95 

9-5363675 

20 

06 

41-5 

18 

12855-6 

4698 

11966-42 i 

3988-81 

9 '5928206 

21 

26 

05-6 

19 

13417-8 

5198-4 

12369-88 

4123-29 

9-5881916 

22 

47 

40-5 

20 

13960 

5720 

12734*33 

4244-78 

9*6125106 

24 

11 

19 

21 

14481-6 

0262 * 2 

13057-36 

4352-45 

9-6359104 

25 

37 

17*5 

22 

11982 

6824-4 

13337‘46 1 

4445-82 

90584947 

27 

05 

511 

23 

15460-6 

7106 

13570*98 

4523*06 

9-6803573 

28 

37 

18 

21 

15916-8 

8000 • 4 

13756-52 

4585*51 ! 

97015844 

30 

12 


25 

16350 

8625 

13890 

4630 

9*7222413 

31 

50 

17*6 

26 

16759-6 

9261*2 

13968-33 ! 

4656*11 | 

9*7424166 

7W 

32 

45*8 

27 

17145 

9914*4 

13987-7 

4662*59 

9-7621289 

35 

19 

44*9 

28 

17505-6 

10584 

13943 63 

4644 54 

9-7814728 

37 

12 

02 

29 

17810-8 

11269*4 

13830*93 

4610-31 

9-8004865 

39 

10 

23 

30 

18150 

11970 

13643 37 

4547-79 

9-819*2176 

41 

15 

43 

31 

18432-6 

12685*2 

13373*35 

4457-78 

9*8377107 

43 

29 

14*3 

81-57 

18509-23 

13150*21 

13150-21 

4383-4 

9-8494377 

44 

59 

37-55 

32 

18688 

V 13114*4 

13011-34 

4337-11 

9-8560087 

45 

52 


33 

18915- G 

14157 

12515 09 

4181*7 

9-8741511 

48 

27 

16-4 

34 

19114*8 

14912*4 

1195809 

398603 

9*8918861 

51 

13 

34-9 

35 

19285 

15680 

11227*15 

3742*72 

9-9101265 

54 

23 

48-2 

.36 

19425*6 

16459*2 

10317*39 

343913 . 

9*9280243 

57 

55 

06-9 

37 

19536 

17249*4 

9171*33 

3057*11 | 

9*9459384 

6*2 

— 

031 

38 

19615*6 

18050 

767915 

2559*72 

9-9638778 

66 

57 

14-3 

39 

19663*8 

18860*4 

5562*51 

1887-5 

9-9818834 

70 

33 

55 3 

40 

19680 

19680 

00 

o-a 

100000000 

I 90 




The following example illustrates the nature and uae of Table D; — Suppose that at elevation 
4 C 31' 49-2" (log. sin. 8-8975533) we find that the rango was 3210"74 ft., then the vertical descent 
must be 254*4 ft., which indicates a time of flight of 4 seconds exactly. The oblique nscent of this 
ball we find to bo 8280*8 ft., this wo divide by the time, 4 seconds, the quotient, 805-2 ft. a 
second, is the mean velocity of the ascent. A reference to our Table shows that a velocity of 
805 -fi ft. is generated by gravity in 148 seconds of time; this we accept as sufficiently near. Evi- 
dently, the mean velocity of the oblique ascent will Ire almost the exact measure of the velocity 
with which the ball will l>e moving at the expiration of half the time of flight, that is to say, two 
seconds of time after quitting the muzzle, therefore (38 + 2 =) 40 seconds is the time in which 
gravity would generate the velocity which at tdevation 4° 31' 49*2" ranged 3210 74 ft. 

Our Table gives the graduation of this oblique ascent in the forty lines preceding 4 seconds, 
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but this minuteness is net required ; the following Table shows the trajectory for 4 seconds, calcu- 
lated to half seconds of time — velocity 824 ft. a second. 


Time. 

AsotnL 

Oblique. Vertical. 

Horizontal 

(Atwrissea). 

Vertical Descent. 

Ordinates. 

0*5 ! 

410*9125 

32*456576 

409*62868 

1 4*0625 

28*391076 

1 

819*0 

64*737407 

817*03931 

16-2 

48*537407 

1-5 

1225*7875 

96*836569 

1222*15713 

30*3375 

60*499069 

2 

1030 

128*748148 

1624*90737 

64*4 

64*346148 

2*5 

2031 *5625 

100*466210 

2025*21526 

100*3125 

60*153710 

3 

2430*6 

191*984831 

2423*00604 

144 

47*984831 

3*5 

2827*0375 

223*298087 

2818*20494 

195*3875 

27-910587 

4 

3220*8 

254*4 

3210*7372 

1 254*4 

00 


Table E shows that at elevation 15°, the range for initial velocity, 824 ft. a second, is 
3143* <J yds., which is not very far short of the ranges obtained by the 82-pounder guns at the well- 
known practice at Deal in 1839. We deduce the following, among other, conclusions from our 
Table; — First, the angle of ascent and the angle of descent are almost exactly the some when a 
spherical ball is tired with the usual initial velocity at service elevation. Secondly, the height 
to which any ball, fired vertically upwards with velocity V, would ascend in any time T, is equal to 
IT x V exactly. Third, the course of every round projectile is nearly level from the end of the 
first quarter of the time of flight to the end of the third quarter of it; and, lastly, that wc can in 
all cases of real practice determine every point of any real importance from the facts patent to all. 

To bIiow this by an example, we must employ a French record of experiments; all English 
records give us the angle of inclination, to use Lefroy’s phrase ; what we want is the angle of 
departure, and the French give it. At Gavre, iu 1830, some very carefully-conducted experiments 
were recorded ; wo take the largest gun, the' “ canon de 30 long * ; the following are the results, in 
feet, with our own calculation of the time and the velocity; the charge is 4 k *9 or 0*324 of tho 
weight of the shot. 


Real Klevatiun. 

Feet Range. 

OfcllqiM ' 

A Krtlt, 

Vertical 

Aacent 

Dip of tho 
Um ami. 

Fall hy 
Gravity. 

Time of 
Flight. 

Mean 

Velocity. 

0 11 13 

1322 02 

: 1322-3 

4*314 

13-1029 

17*417 

1*037 

1275 

1 33 22 

2792-05 

2793-1 ! 

75*849 

17*3 

93*15 

2*4084 

1159*7 

5 4 28 

5626*75 

5648*8 

499*644 

19-886 

519*53 

5*75 

980*66 

10 27 37 

I 8517-23 

8661-2 

1572*467 

111077 

1585*575 

10*18 j 

850*8 


The French artillerists, reasoning on Jhitton’s principles, find that the initial velocity whs 
423 metres, or 1394*38 ft. a second. Obviously it cannot be more than 1280 or 1290, the mean 
velocity in a time of only 1*037 second being 1275 ft. a second. The oblique ascent is as 
follows ; — 


| Oblique Ascent 

Time. 

Current Velocity. 

1322*8 

1-087 

1275 

1470*8 

1*3714 

1072*5 

2855-7 

3*3416 

854*5 

3012*4 

4*43 

850*8 

8661*2 

10*18 

1 


Gen. Anstrutlier gives a Table, Table F, showing the fall by parity in five seconds of time, 
calculated to the hundredth parts of seconds of time; this will enable us to find the time of flight 
for all ordinary musketry or field artillery. The range multiplied by the tangent of the elevation 
is the vertical ascent and descent; its length indicates tho time. 


Table F. 


Time. 

Fall. 

Time. 

FalL 

Time. 

FalL 

Time. 

FalL 

' Time. | 

FalL 

0*01 

0-0016 

0*09 

0*1320 

1 017 

0*4706 

0-25 

1*0172 

0-33 1 

1*7715 

2 

*0065 

01 

* 1629 

8 

•5275 

6 

1001 

1 

*8803 

3 

*0147 

1 

*1971 

9 

*5877 

7 

1863 

5 

*9925 

4 

*0261 

2 

*2345 

0*2 

*6512 

8 

-2757 

« 

2 1078 

5 

*0407 

3 

•2753 

i 

*7179 

9 

*3684 

7 

•2264 

6 

*0587 

4 

*3192 

2 

*7879 

0-3 

*4643 

8 

*3482 

7 

*0798 

5 

*3664 

3 

•8619 

1 

•5635 

9 I 

*4733 

8 

*1042 

6 

*4169 

4 

*9375 

2 

*6658 

0-4 ; 

*6016 
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Tadli: F — continued. 


Time. 

Fi.ll, 

Time. 

Fall 

Time. 

Kail. 

Time. 

Fall. 

Time. 

Fall. 

0*41 

2 7331 

1*11 

19-3465 

1 81 

52-8075 

2-51 

101 1103 

3-21 

164-6492 

2 

*8679 

2 

203062 

2 

53-3898 

2 

1*9112 

2 

5-6663 

3 

3*0059 

3 

•6692 

3 

•9742 

3 

2-7152 

3 

6-6864 

4 

■ 1472 

4 

21 0353 

4 

54*5623 

4 

3-5224 

4 

7-7097 

5 

*2916 

5 

•4017 

5 

55- 1536 

5 

4-3326 

5 

8-7359 

6 

*4393 

o 

•7772 

6 

•7480 

6 

5 1460 

6 

9*7653 

7 

•3903 

7 

22 1529 

7 

56-3455 

7 

5 9624 

7 

170-7977 

8 

*7445 

8 

•5318 

0 

•9463 

8 

6-7820 

8 

1-8332 

9 

*9019 

0 

•9139 

» 

57*5501 

9 

7*6046 

9 

2*8717 

0-5 

4*0625 

1-2 

232992 

1-9 

58*1571 

2-6 

8-4304 

3-3 

3-9133 

1 

•2264 


*6877 

1 

‘7672 

1 

9*2593 

1 

4-9580 

2 

*3935 

2 

24*0793 

2 

59*3805 

2 

1100912 

2 

6*0057 

3 

*5638 

3 

•4742 

3 

•9970 

3 

0-9263 

3 

7*0565 

4 

*7373 

4 

•8722 

4 

60*6165 

4 

1-7645 

4 

81103 

5 

•9141 

5 

252734 

5 

61*2393 

3 

2 1 6058 

3 

91672 

6 

5-0941 

« 

'6778 

6 

•8631 

6 

3-4502 

« 

180-2272 

7 

*2774 

7 

2G • 085-1 

7 

62-4941 

7 

4*2977 

7 

1-2902 

8 

*4638 

8 

*4962 

8 

63* 1263 

8 

5*1482 

8 

2-3503 

9 

*6535 

9 

•9101 

9 

•7610 

9 

6*0019 

9 

3-4254 

0-6 

8404 

1-3 

27*3273 

2- 

64-4 

2-7 

6*8587 

3-4 

4-4976 

1 

6*0425 

i 

*7476 

1 

65*0416 

1 

7 ' 7 1 86 

1 

5-5728 

2 

•2419 

2 

28 1711 

2 

•6863 

2 

8-5816 

2 

6-6512 

3 

*4445 

3 

•5978 

3 

66-3341 

3 

9-4476 

3 

7-7325 

4 

•6503 

4 

29*0277 

4 

•9851 

4 

120*3168 

4 

8-8169 

5 

*8593 

5 

• 4607 

5 

67*6392 

5 

11891 

5 

9*9044 

6 

7 0715 

6 

•8969 

6 

68-2965 

6 

2*0644 

6 

190-9949 

7 

•2870 

7 

30-3363 

7 

•9569 

7 

2-9429 


2 0885 

8 

•5057 

8 

•7789 

8 

69*6204 

8 

3-8244 

8 

31851 

9 

•7276 

9 

312247 

9 

70*2871 

9 

4-7091 

9 

4-2848 

0*7 

•9527 

1-4 

•6736 

2-1 

*9569 

28 

5-5968 

3 5 

5-3875 

1 

81810 

i 

32*1257 

1 

71-6298 

1 

6-4876 

1 

6-4933 

2 

•4126 

2 

■5810 

2 

72*3059 

«> 

7-3815 

2 

7-6021 

3 

•6474 

3 

33*0394 

8 

•9851 

3 

8*2786 

3 

8-7140 

4 

*8854 

4 

•5011 

4 

73*6674 

4 

9*1788 

4 

9-8289 

5 

9*18<>6 

5 

•9659 

5 

74*2529 

5 

130*0818 

5 

200-9469 

6 

•3710 

6 

341339 

« 

75-0415 

<5 

0*9881 

6 

2*0679 

7 

•6186 

7 

•9050 

7 

•7382 

7 

1*8975 

7 

3 1919 

8 

•8695 

8 

35*3793 

8 

76-4281 

8 

2*8099 

8 

4 3190 

9 

10 1235 

9 

*8568 

9 

77-1261 

9 

8*7251 

9 

5 4492 

0-8 

•3808 

1*5 

36*3375 

22 

•8272 

2*9 

46441 

3-C 

6-5824 

1 

’6413 

1 

•8213 

1 

78*5814 

1 

5 ■ 5658 

1 

77186 

2 

•9050 

2 

37*3083 

2 

79-2388 

2 

6*4906 

2 

8-8579 

3 

111719 

3 

•7985 

3 

•9493 

3 

74185 

3 

210*0003 

4 

•4420 

4 

38-2919 

4 

80-6629 

4 

8*3495 

4 

1*1456 

5 

*7153 

5 

•7884 

5 

81*3797 

5 

9-2825 

5 

2-2940 

6 

•9919 

6 

39-2880 

6 

82-0996 

6 

110-2206 

6 

34455 

7 

12 2716 

7 

•7909 

7“ 

•8226 

7 

11609 

7 

4-6000 

8 

•5546 

8 

40 2969 

8 

83-5487 

8 

2*1042 

8 

5-7575 

9 

•8407 

9 

•8061 

9 

81-2779 

9 

3-0505 

9 

6*9181 

0*9 

13-1301 

1-6 

41*3184 

2-3 

85-0103 

3- 

4* 

3-7 

8 0817 

1 

•4227 

1 

•8339 

1 

•7458 

1 

4*9525 

i 

9*2483 

2 

•7185 

2 

42-3526 

•2 

86-4844 

2 

5* 3082 

2 

220-4180 

3 

14 0174 

3 

•8744 

3 

872261 

3 

6-8669 

3 

1*5908 

4 

•3196 

4 

43 • 3! *94 

4 

•9710 

4 

7-8286 

” 4 

2*7665 

5 

■0250 

5 

•9275 

5 

88-7190 

» 

8- 7085 

5 

3-9453 

6 

•9:136 

6 

444588 

6 

89-4701 

6 

9-7614 

6 

5*1271 

7 

15*2454 

7 

•9933 

7 

902243 

7 

150-7234 

7 

6*8120 

8 

•5604 

8 

45*5310 

8 

•9816 

8 

1 * 7065 

8 

7*4999 

9 

■8786 

9 

460717 

9 

91-7420 

9 

2-6837 

9 

8-6908 

i- 

16*2 

1-7 

•6157 

2*4 

92-5056 

31 

3*6639 

3*8 

9-8848 

1 

•5246 

1 

47-1628 

1 

93 2723 

1 

4-6472 

1 

231*0818 

2 

*8524 

2 

■7151 

2 

94*0421 

2 

5-6336 

2 

2 2818 

3 

17' 1834 

3 

48*2665 

3 

•8150 

3 

6*6230 

3 

3-4849 

4 

■5176 

4 

•8231 

4 

95*5910 

4 

7*6156 

4 

46910 

5 

•8550 

5 

49-3828 

5 

96-3701 

5 

8-6112 

5 

5-9001 

6 

18*1956 

6 

•9457 

6 

97-1524 

6 

9-6098 

6 

7*1122 

7 

*5394 

7 

505117 

7 

•9377 

7 

1G0-6116 

7 

8-3274 

8 

•8863 

8 

51 -0809 

6 

98*7262 

8 

1-6161 

8 

9*5456 

9 

19-2365 

9 

•6533 

9 

99-5178 

9 

2-6243 

9 

240*7668 


*5899 

1*8 

52-2288 

2-5 

100-3125 

32 

3-6352 

3 9 

1*9911 
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Table F — continued. 


Time. 

f*il 

Time. 

fail 

Time. 

Fill. 

Time. 

fail 

Time. 

1 1 

FalL 

8*91 

243*2184 I 

4*13 

270*9830 

4*35 

300*2055 

4*57 

330*8795 1 

4*79 

362 • 9986 

2 

4--HH7 

4 

2*2797 

? 6 

1*5083 

8 

23081 

4*8 

4*4928 

3 | 

5*G820 

5 

3*5794 

7 

2*9341 

9 

3*7398 1 

1 

5*9900 

4 ! 

6*9184 

6 

4*8822 

8 

4*3030 

4*6 

5*1744 

2 

7*4901 

5 ' 

1 8*1578 

7 

6*1879 

9 

5*6748 

1 

6 6120 

3 

8*9932 

0 1 

9*4002 , 

8 

7 '49417 

4*4 

7*0496 

2 

8*0526 

4 

370*4993 

7 

250*6456 

9 

8*8084 

1 

8*4274 

3 

9*4902 

5 

2 * 0083 

8 ■ 

1*8940 

4*2 

280*1232 

2 

9*8082 

4 

i 340*9427 

6 

3*5204 

9 

3*1455 

1 

1 4410 1 

3 

311*1920 

5 

2*3923 

7 

5*0353 

4* 

4-4 

2 

2-7618 

4 

2*5788 1 

6 

3*8448 

8 

6*5533 

1 

5*6575 

3 

4*0850 

5 

3*9086 

7 

5*3003 

9 

8*0742 

2 

6*9180 

4 

5*4124 

6 

5*3014 

8 

6*7588 

4*9 

9*5981 

3 

j 8*1816 

5 

6*7422 ! 

7 1 

6*7572 

9 

8*2203 

1 

381*1250 

4 

9*4482 

0 

8*0750 

8 

8*1560 

4-7 

9*6847 . 

2 

2*6548 

5 

200*7177 

7 

9-4108 

9 

9*5577 | 

1 

351*1521 

3 

4*1876 

6 

1*9903 

8 

290*7496 

4*5 i 

320*9025 | 

2 

2*6225 

4 

5*7233 

7 

3*2660 

9 

2*0915 

1 

2*3702 

3 

4*0959 

5 

7*26*20 . 

8 

4*5440 

4*3 

3*4303 

2 

3*7810 | 

4 

5*5722 ! 

6 

8*8037 

9 

5*8202 

1 

4*7841 

3 

5*1947 

5 

7*0516 

7 

390-3483 

4*1 

7*1109 

2 

G* 1350 

1 4 

6*6114 

6 

8*5339 

8 

1*8959 


8*3980 

3 

7*4888 

5 

8*0311 

1 7 ! 

360 0191 

9 

3*4465 

2 

9*6893 

4 | 

8*8456 

i u 

9*4538 

1 

8 j 

1*5074 

3- | 

5* 


The quotation, p. 1732, showed one theory of Hutton’s, which, with slight additions, is true ; 
we shall now show another, which is totally wrong in every possible way. 

Attract from Straith's Memoir of Artillery, pp. 81, 82.—“ Dr. Gregory, in his lectures upon gun- 
nery, observes on the difference between tho times employed by a ball in ascending and descending 
vertically through tho same space. 

“If a 24-lb. iron ball were projected vertically upwards, with a velocity of 2000 ft. a second, 
it would ascend to tho height of 0424 ft. before its upward motion was extinguished, and it would 
jMiss over that space in less than 9} seconds. (This is computed in Hutton’s Mathematics, 
vol. iii.) 

“ It might, on a cursory view of tho subject, bo supposed that the circumstances of the descent 
would be analogous to those of tho ascent, but in an inverted order ; and so they would, in a non- 
resisting medium, but in the air the case is widely different. 

“ After the ball had descended 2700 ft., the resistance of tho air would be equal to the weight 
of the boll, there would remain no further cause of acceleration, and tho ball would descend uni- 
formly with its terminal velocity (that is, the greatest velocity which a heavy body can acquire 
when falling in the air), which does not exceed 419 ft. a second. 

0425 2700 

44 It would require, therefore, or 6 seconds, to descend the remaining 3724 ft., in 

addition to the time, about 10 seconds, which had been occupied in descending through the 
first 2700 ft.; so that, in this instance, tho time of descent would be about doublo that of 
ascent. In all cases where tho projectile velocity exceeds 300 or 400 ft., tho time of descent will 
exceed that of ascent ; and their difference is greater the moro the initial velocity exceeds that 
limit.” 

Here we find, observes the General, an Addiscombe professor quoting from two Woolwich pro- 
fessors. Wo are therefore sure that, at one period of his life, each artillery officer in tho service 
believed that the descent and ascent of a ball fired upwards were successive motions, not simul- 
taneous. 

But such belief could not lost long ; tho first time tho youug officer attempted to draw the 
trajectory of any ball from given range and elevation, we know that he did assume tho abscisses ; 
he then multiplied each nlwtoissa by the tangent of the elevation for the vertical ascent, from which 
he subtracted tho vertical descent, or fall I>y gravity, and assigned the difference between the 
vortical ascent and vertical descent as tho ordinates of the curve. Ho could not have drawn a 
trajectory at all on any other supposition. 

In tho Treatise on Artillery, by Colonel Boxer, we find, pp. 144, 145, sixteen descents sub- 
tracted from sixteen ascents, tho sixteen differences being given in p. 14G as the ordinates of 
the curve. The trajectory which he gives would leave nothing to be desired, if he would 
adapt his mode of calculating the flight of a projectile to some actual fact, some range and 
elevation recorded as having actually been observed. Perhaps the following may serve as an 
example 

At Hhoeburyness, on the 24th of November, 1854, the 10-in. iron howitzer of 125 cwt. gave a 
range of 4440 yds., or 13,320ft. at 42° elevation. Here wo say 13,320 x secant 42° = 17923 *827504 ft. 
the obliquo ascent, 13,320 x tangent 42° = 11993*38128 ft. the vertical ascent, to which latter we 
add 15 ft., tho height of the piece above the plane, and wc havo 12008*38128 ft. for the vertical 
descent, or fall by gravity. From this we determine the time of flight; wc find it to be 30*0541 
seconds for 30 *0541’ x 13 *29459 - 12008*32415 ft. 

We divide the oblique ascent, 17923 8275G4 ft. by the time of flight, 30*0541 seconds, the 
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U tient i a 596 ‘38, the mean velocity of the oblique ascent. Wo look at our printed Tablo and 
that a ball, foiling freely from a state of rest, would ocauire a velocity of 590,712 ft. in 
23*3 seconds of time, therefore (23*3 + 15 =) 38*3 seconds is the approximation to the greater 
extreme of tho series, or progression, which must form the graduation of the oblique ascent. But 
38*3 seconds is not sufficient; wo try 39 seconds, 39*5 seconds, and 39*55 seconds, which is 
sufficiently accurate. 

For the fall in 39*55 seconds of time is 

39 55* x 12*345 = 19310 0798G25 ft. 

and in 9 *49G seconds 9*496* x 15*3504 = 1384*2072152 


the differences 30 * 054 seconds of time and 17925*8726473 ft., 

show an excess of only 2*045 ft. over the oblique ascent. The velocity which tho ball acquires by 
falling in 39*55 seconds, wo find thus ; — 

39*55* x 12*345 = 19310 0798025 ft. 
and in 39*54 seconds 39*54* x 12*346 = 19301*8796136 


, the differences 0 * 01 second of time and 8*2002482 ft., 

show a velocity of 820 ft. per second. 

Tho observed time of flight was 30 seconds; this is so nearly that which we assign, that 
we do not hesitate to say that it proves tho truth of our theory, and utterly confutes that of 
Hutton. 

We will now conclude this by showing the true initial velocity of an actual ascent of 6424 ft. 
at elevation 90° ; it is very easily found by inverting the reasoning, p. 1732 ; we there found that 
an actual ascent of 8240 ft. resulted from velocity 824 ft. a second, and 40 seconds’ time of flight, 

= 8240 ft., we now say = G424 ft. ; therefore V T = 2568G ft. 

We try 33*8 seconds, 33*8 x 759*147 = 25659*1686, too little ; 

„ 33*9 „ 33*9 x 760*376 = 25776*7464, too much; 

„ 33*83 „ 32*83 x 759*45581 = 25692*3900523 ft, 

with which we aro satisfied. It cannot be necessary to repeat for 33*83 seconds the process shown 
in p. 1732 for 40 seconds, the initial velocity which Hutton gives as 2000 ft. a second should bo 
759*456 ft. a second. 

General Anstruther invites the mathematicians of Cambridge, or of any other place, to confirm 
or negative the theory which assigns to a vertical flight of 10 seconds’ duration an initial velocity 
of only 161 ft. a second, with an actual ascent of only 402*5 ft. Vide Cape's Mathematics, vol. ii., 

p. 216. 

We say that the velocity of 10 seconds* time of flight is 296 ft. a second ; one-fourth of this 
is 74 ft., then 74 x 10 = 740 ft. the actual ascent. We give the following Tablo showing the 
motion of a ball fired vertically upwards with initial velocity 296 ft. a second. 


Time. 

Second*. 

Simultaneous 

; Actual llelgbt. 

Simultaneous 

Time. 

1 Seconds. 

1 Ascent. 

Descent 

Descent. 

| Ascent 

5 

1135 

395 

740 

395 

1135 

5 

4 

964-8 ! 

254*4 

710*4 

565*2 

1275*6 

6 

3 

765*6 ! 

144 

621*6 j 

764*4 

1386 

7 

2 

538 

64*4 

473*6 

992 

1465*6 

8 

1 

282* 6 

16*2 j 

266*4 

1247*4 

1513*8 

9 

0 

0 

0 

0 

1530 

1530 

10 


We say that at 45° elevation the range for 10 seconds’ time of flight is 1530 ft., and that we 
can determine the initial velocity which would give that range by a very simple process ; thus, 
we draw a square, each side representing 1530 ft., and we draw a diagonal measuring 1530 V2 ft., 
or 2163*75 ft. This diagonal will represent the obliaue ascent in the time of flight, 10 seconds; 
we see at a glance that the mean velocity of tho oblique ascent, 2163*75 ft. in 10 seconds, is 
216*375 ft. a second, and our printed Table shows us that a fall of 7* 1 seconds’ duration would givo 
a velocity of 216*336, almost exactly the mean velocity of the oblique ascent. 

The time when the ball is moving with the mean velocity is sure to be very nearly tho middlo 
period of the time of flight, so that 5 seconds after, and 5 seconds before, 7*1 seconds, that is 
12*1 and 2*1 seconds, will he tho 10 seconds in our Table which give the graduations of the 
oblique ascent. More correctly it would be 12*2 seconds and 2*2 seconds, still more correctly 
12*19 and 2*19 seconds. For the fall in 12*19 seconds of time is 

12*19* x 15 081 = 2240*9777841 ft. 
and in 2*19 seconds 2‘19* x IG’081 = 77*1260841 


2163*8517 ft., only 0-1 ft. too much. 
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The following are tho abscisses and ordinates; — 


Time. 

Abuluc*. 

Differences. 

Ordinate*. 



1. 

2. 

3. 


i 

240*407338 

240-467338 



240*267338 

2 ! 

462*630509 

222*203171 

18*304167 'j 


898*231009 

3 


203*434740 

18*728431 


522*065249 

4 

850*347294 

184*282045 

19- 152695 | 


595*947294 

5 

1015*052380 

164*705086 

19- 570959 


620052380 

G 

1159*756243 

141*703863 

20*001223 

0-424264 

594*556243 

7 

1284*034619 

124*278376 

20*425487 


519*634619 

8 

1887*463244 

103*428625 

20*849751 


395-463244 

9 

1469*617850 

82*154610 

21*274015 


2-22 -21 7850 

10 

1530 074 181 

60*456331 

21 *698279 J 


0- 0741 81 


We have given these abscisses and ordinates because that is tho usual method of defining a 
curve; it is, however, a very bad method, not one figure being of any use at any other elov&tion. 
We give now the simultaneous ascent ami descent for all elevations whatever. 


Time. 

Ascent. 

Difference*. 


Descent. 

1 

34007217 

1 . 

840*07217 

2. 

3. 

16*2 

2 

654*25834 

31418617 

25*886^ 


64*4 

3 

941-95851 

287-7(8)17 

26*486 


144 

4 

1202*57268 

260*61417 

27*086 


254-4 

5 

1435*50085 

232*92817 

27-686 


395 

6 

1640- 14302 

204-64217 

28-286 


565-2 

7 

1815-89919 

175-75617 

28*886 

OG 

764-4 

8 

1962 ’16936 

146-27017 

29-486 


992 

9 

2078*35853 

116*18417 

29-086 


1247-6 

10 

2163*85170 

85-49817 

30*686 


1530 

11 

221806387 

54*21217 

81*286 


1889*2 

12 

12*19 

2240*39004 

2240*9777841 

22*32617 

31*886/ 


2174-4 

2240*9777841 


Tho velocity acquired by falling in 12' 19 seconds, we find thus 

The fall in 12*2 seconds is 2244 -5072 ft. 

and in 12 19 „ 2240 9777841 


the differences being 0*01 second and 3*5124159 ft., 
show a velocity of 351 *94, say 352 ft. a second. 

That the range at 45^ elevation is the exact measure of the fall by gravity in the time of flight 
is an acknowledged fact, yet wc find the British gunner assigning different ranges to the same 
elevation and time of flight, 45° and 10 seconds. 

We read that the range of the 10-in. land mortar was 534 yds. in 10 seconds, at 45* elevation ; 
that of the 8-in., 560 yds. ; so that the fall by gravity in 10 seconds was 1002 ft., or (* x 16 -02, as 
shown by the 10-in., or else 1680 ft., or t * X 16*8, as shown by the 8-in. We say it is 1530 ft., or 
< 2 x 15*3, as registered in the General's Table. 

The President of tho special committee on breech-loading rifles informed Anstruther that 
they do not consider the angles given in p. 23 of their report to he sufficiently accurate to 
furnish data for calculation, and that the initial velocity was really very much greater than ho 
gave it. 

It is to be regretted that the committee did not measure the true angle of departure in 
tho manner adopted by tho French at Gavrc, in the years 1830 to 1840, who placed a screen 
30 ft. in front of the muzzle, and measured tho actual angle at which the shot did leave tho 
gun. 

The following were the oblique ascents and vertical descents of the largest gun, tho “canon do 
30 long," with the smallest charge, 2 k *45. 

Range 323 metres, or 1059 '73 ft., liad 


Oblique ascent 1059*8 ft. 

Vertical descent .. 14*396 ft. 

Therefore, a time of flight 0*94 second 


( 1059*8 \ 

■ =1 .. 1127*44 ft. a second. 

Hcncc we know that at the expiration of 0*47 second, the velocity of this ball was 1127*44 ft. a 
second. 
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Again, the range being 712 metres, or 2336 ft., 

The oblique ascent was 2337 ft. 

The vertical descent 83 • 09 ft. 

The time of flight 2 '27 seconds 

( 2337 \ 

— — = J 1029 *5 ft. a second, 

which is the velocity with which it was moving at 1 • 135 second after quitting the muzzle. 

Comparing these two, at 0*47 second, the velocity was 1127*44 ft. 

1135 „ „ „ 1029*5 

the differences aro 0*665 „ and 97*94 ft., 

showing a rate of reduction of about 147 ft. in a second. 


Supposing that the ball lost half of this velocity in the 0 17 second of its first flight, we odd 
74 ft. a second to the 11*27*44 ft. of the first range, and give (1127*44 + 74 =) 1201 ft., soy 1200 
as the initial velocity of the ball. The French artillerists give it as 363 metres, or 1190*966 ft., 
almost exactly what Anstnither’s simple and easy calculation makes it. 

KxampU' to show how Table E is applied. — On the supposition that the largest projectile will 
bo most easily observed, and that the longest gun will give the most accurate results, we have 
selected our data from page 390 of the Ordnance Manual of the American Artillery. The bore of 
the piece is 15 in. in diameter, 165 in. in length. 

The 15-in, columbiad, with 40 lbs. of powder, gave the following ranges, namely, at 
9° elevation, 2236 yds., or 6708 ft in 8 * 87 seconds’ time. 

10° „ 2425 „ 7275 „ 10 „ 

12° „ 2831 „ 8493 „ 12*07 „ 

15° „ 3078 „ 9234 „ 13*72 „ 

20° „ 8888 „ 11514 „ 17*82 „ 

25° n 45*28 „ 135S4 „ 22*03 „ 

28° „ 4821 „ 14463 „ 24*18 „ 

30° „ 5018 „ 15054 „ 26*71 „ 

The angles here named are evidently the “angles of inclination,” as shown by a spirit-level 
quadrant, and not the “ angles of departure,” those which the path of the shot makes with the 
horizon, as it clears the mouth of the piece ; but the recorded time of flight enables us to find the 
vertical ascent, from which we can determine the angle of departure. 

The vertical descent is the fall by gravity : our 'lablo shows us that the fall in 
8*87 seconds is 8*87* X 15*413 = 1212*6470597 ft. 

10 „ 10* x 15*3 = 1530 

12*07 „ 12*07* x 15*093 = 2198*8221857 

13*72 „ 13*72* X 14*928 = 2810*0228352 

17*82 „ 17*82* x 14*518 = 4610*2257432 

22*03 „ 22 * 03* x 14 * 297 = 6841 *5687273 

24*18 „ 24 * 18* x 1 3 * 88*2 = 81 16 * 42*2*2568 

26*71 „ 26*71* X 18*629 = 9723*2570589 


There must have been a vertical ascent to enable the ball to have this vertical descent, we 
deduce the following eight triangles; — 


Triangle. | 

n«ri*<>nlAl | 

Vertical. | 

Oblique. 

Triangle. 

HotixonLal. j Vertical | 

Oblique. 

L 

6708 1 

1212*647 

6818*7 | 

V. 

11514 1 4610-220 | 

12402*6 

II. 

7275 1 

1530 

7434*15 

VI. 

13584 ‘ 6841*569 1 

15209*6 

III. 

8493 | 

2198*822 

8773 

VII. i 

14403 | 8116-422 

16584*7 

IV. 

9234 

2810*023 

9652*1 

VIII. 

15054 I 9723*257 

17921*067 


The last of these triangles we must examine carefully. 

Knowing tho three sides, we find the acuto angles to bo 

32° 51' 29* 1", log. sin. 9*7344479 
and 5V 8' 30*9 , „ 9*9242881; 

we draw a triangle with these angles, and upon the hypothcnusc we mark ofT all the eight oblique 
ascents given p. 1732, then from the points so found let fall successively the eight vertical 



tfbOOFEET 


descents, join the lower ends of All the verticals ; the curve so found is the trajectory required, as 
in Fig. 3346. 
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The calculated measurements of this curve ore as follows ; — 


Abscisses. 

Simultaneous 

Ordinates. Abscisses. 

Simultaneous 

Ordinates. 

Ascent \ 

Descent 

Ascent 

Descrnt 

5726*145 

3698-467 

1212647 

2485-82 

10416 

G729-151 

! 4610*226 

2118*925 

6224*812 

4033-47 

1530 

2503-47 

12777*322 

8252*117 

6841*569 

1410*548 

7369*47 

4759-876 

2198-842 

2561*054 

13934*637 

9002*261 ! 

8116*422 1 

885*839 

8107*927 

5236-841 

2810023 

2426*818 

15054 

9723*257 | 

9723*257 

0*0 


Wo must now determine the initial velocity of this ball, which we easily do, from the fact that 
it did ascend obliquely to a distance of 171)21 ’007 ft. in 20*71 seconds, with a simultaneous vertical 
descent of 9723’ 257 ft. If this ball had been fired vertically upwards, then at 3197 '81 ft. above 
the plane would have been its place at the expiration of 26-71 seconds of time. 

We know that if a boll be projected upwards vertically, with the velocity which it acquired in 
any time by descending freely, it would, if not acted upon by gravity, loso all velocity in an equal 
time, and would, ■/ not acted up>m by gravity, ascend just to the same height from which it fell, and, 
in mo doing, would describe equal spaces in equal times, in rising and falling, but in an inverse 
order ; ana it would have equal velocities at any one and the some point of the line described both 
In ascending and descending. 

Our last paragraph, except the words in italics, is taken from Hutton, as quoted by Gregory 
and Rutherford. The words in italics added by the General are necessary. 

We have therefore only to turn to our Table showing the fall of gravity os modified by the 
resistance of the atmosphere, to find the 2G7 lines which will give the graduation of tho oblique 
ascent of this ball, and we have a very simple method of finding the place by finding the mean 
velocity; the sjmeo 17,921 ft. divided by the time 26*7 seconds, gives 671 '2 ft. a second os tho 
mean velocity of the ascent, which we see must be nearly the velocity with which the boll will be 
moving at the middle period of the time of flight, that is to say, at 13*35 seconds from clearing 
the mouth of the piece. Now velocity 671*2 is acquired by a fall of 27*6 seconds, wo add 27*6 
and 13*35, the sum 40*95 seconds is an approximation to tho true time. 

But 42 * 1 seconds is nearer the trutli, as wo sliall show. 

The fall in 42*1 seconds is 42* 1* x 12*09 = 2142843G9 ft. 

and in 15*4 „ 15*4* X 14 76 = 3500*4816 


the differences being 26*7 seconds of time and 17927*9553 are only 7 ft. too much. 

We shall, however, be satisfied with 42 seconds as near enough. 

The fall in 42 seconds is 42* x 12 * 1 = 21344 *4 
and in 15*3 „ 15*3’ X 14*77 = 3457*5093 


17886*8907 ft., 
which is too short by 34 


as it ought to be 17921* 

Our Table shows that the velocity acquired by a fall of 42 seconds is 840 ft. a second; this is 
therefore the initial velocity, which at the elevation (true) 32° 51* 29*1" gave a range of 5018 yds. 

Now let us suppose that the hall is fired vertically upwards with initial velocity 840 ft. a 
second, it is very evident that, if no force were acting upon the projectile, it would, by the flrwt law 
of motion, movo on for ever in the liuo of direction given to it, and would ascend to a height of 
(42 x 840 =)TV = 35280 ft. in 42 seconds; the resistance of the atmosphere reduces this to 
21344*4 ft. ; and the force of gravity causes a simultaneous desceut of 21344*4 ft., so that the ball 
returns to the ground, having iu exactly half the time of flight attained a vertical height of exactly 
one-fourth part of T V, that is to say, 8820 ft., the fourth part of 35,280 ft. 

Why the actual ascent, at 90° elevation, should always be exactly the fourth part of T V, we 
need not inquire; such is the fact. We shall show another example of it. A ball fired vertically 
with initial velocity 636*224 ft. per second, will return to the ground in 25*5 seconds, having 
usccuded in 12*75 seconds to a height equal to 25*5, multiplied by one-fourth jmrt of 636*224, 
which is 159*056 ft., so that (25*5 x 159*056 =) 4055*928 ft. is the real height attained. This is 
a correction of tho height assigned to this ball in p. 381 of vol. ix. of the Journal of the Royal 
United Service Institution, where the height is given os 4055*93275 ft., which is 0*00675 ft. too 
much ; the velocity there assigned to this time of flight is 636*1385 ft., it should be 6346*224. The 
cause of the error is to be found in page 375, where the velocity acquired by a fall of 25*5 seconds 
is found by taking the difference between 25*5 and 25*49 seconds; it should have been dono by 
taking the difference between 25*5-and 25*49999999999990 seconds. The true ascent is one-fourth 
of TV in all |jos#ible eases, but this was not known iu a.d. 1865. 

Hutton supposed that an initial velocity of 2000 ft., nt 90^ elevation, would culminate in “less 
than 9j seconds” at a height of <1424 ft., returning to the ground in “about” 16 seconds. He did 
not perceive that the ascent and the descent were simultaneous, and in this error ho was followed 
by Gregory and Straith, and mast probably by many others. 

It is gratifying to be able to show that General Boxer, R.A., in hi# treatise on Artillery, gives 
the following ; — 
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Abscisses. 

Simultaneous 

| Ordinates. j 

Abscisses. 

Simultaneous 

Ordinate*. 

1 Ascent. 

lv*wnk 

Ascent. | 

| Descent. | 

100 { 

0*87269 

0*05624 | 

0*81645 

900 

7*85421 < 

5-1328 

2*72141 

200 

1*74538 

0-22X5 

1*51088 

1000 

8*7269 

6*4193 

2*3076 

3uo I 

2*61807 

0*52211 

2*09596 

1100 

9*59959 

7*874 

1*72559 

400 

3*49076 

0*94233 

2*54843 

1200 

10-57228 

9*4982 

0*97408 

500 | 

4 -Ms:) 15 

1 * 4945 

2*86895 , 

1300 

11*34497 

11*296 

0*04897 

(MW) | 

5*23614 1 

2*1837 

3*05244 1 

1400 

12*21766 

13*274 

-1*05684 

7(H) 1 

6*10883 

3*0157 

3*69313 

1500 

13*09035 

! 15 436 

-2*34565 

800 

6*98152 

3*9954 

2*98612 

1600 

13*96304 

17*79 

— 3*82696 


The following tabulated form shows the measurements of the curve described by the ball which, 
at elevation 32° 51' 29* 1", obtained a range of 5018 yds. ; — 


Abscisses. 

Simultaneous 

Ordinates. ; 

Abscisses. 

Simultaneous 

Ordinates. 

t Ascent 

| Descent. 

Ascent. 

1 Descent. ] 

702*42 

453*7 

16*2 

437*5 

9601*4 

6201*5 

3330 | 

2871*5 

1298*12 

903 

64*4 

h.-ih-i; i 

10150- 1 

6555*9 

! 3763*2 

2792*7 

2086*6 

1347*7 

144 

1203-7 

10684*5 

6901*1 

4219-4 

2081-7 

2707-85 

17X7-4 

254*4 

1538 

11204*2 

7236*7 i 

4698 

2538 • 7 

3439*87 

2221*8 

895 

1826*8 

11708*5 

7562*4 

5198-4 

2361 

4103*65 

2650*5 

5455*2 

2085*3 

12197*1 

7877-9 

5720 

2157-9 

4758*19 

8073*3 , 

7*44-4 

2308*9 

12669*3 

8182*9 

6202-2 1 

1920-7 

5403 

3489*7 

1 992 | 

2497*7 

13124*8 

8477*1 

6824-4 

1652*6 

6037*54 

8899*6 

1247-4 

2052*2 

13563 

8760*2 

7406 

1354*2 

6661*34 

4302*5 

1530 

2772*5 

13983*3 

9031*6 

8006*4 

1025*2 

7273*88 

4698*1 

1839*2 

2858*9 

14385*4 

9291*3 

8625 

666*3 

7874 ■ >id 

50X6-2 

2174 4 

2911*8 

14768*6 

9538*6 

9261*2 

277-4 

8403*18 

9038*93 

5466*3 

5838*2 

2535 | 

2920*4 

2931-3 

2917*8 

15131*5 

9773-6 

9914-4 

- 140*8 


If this ball were now fired vertically upwards, its time of flight would be 42 seconds, its motions 
as follows, namely ; — 


Seconds 
of Time. 

Simultaneous 

Actual 

Height 

attained. 

Simultaneous 

Seconds 
of Time. 

Ascent. 

Descent 

Descent. 

Ascent. 

21 

15082*2 

6262*2 

8820 

6262*2 

15082*2 

21 

20 

14520 

5720 

8800 

6824*4 

15624*4 

22 

19 

13938*4 

5198*4 

8740 

7406 

16146 

23 

18 

13338 

4698 

8640 

8006*4 

16646*4 

24 

17 

12719*4 

4219*4 

8500 

8625 

17125 

25 

16 

12083*2 

8763 2 

8820 

9261*2 

17581*2 

26 

15 

11430 

3330 

8100 

9914*4 

18014*4 

27 

14 

10760*4 

2920*4 

7840 

10584 

18424 

28 

13 

10075 

2535 

7540 

11269*4 

18809-4 

29 

12 

9374*4 

2174*4 

7200 

11970 

19170 

30 

11 

8659*2 

1839*2 

6820 

12685*2 

19505*2 

31 

10 

7930 

1530 

6400 

13414*4 

19814*4 

32 

9 

7187*4 

1247*4 

5940 

14157 

20097 

33 

8 

6432 

992 

5140 

14912*4 

20352*4 

34 

7 

5664*4 

764-4 

4900 

15680 

20580 

35 

6 

4885*2 

565*2 

4320 

16459*2 

20779*2 

36 

5 

4095 

395 

3700 

17249*4 

20949*4 

:i7 

4 

3294*4 

254*4 

3040 

18050 

21090 

38 

3 

2484 

144 

2310 

18860-4 

21200*4 

39 

2 

1664*4 

64*4 

1600 

19680 

21280 

40 

1 

836*2 

16 2 

820 

20508-2 

21328-2 

41 




0 

21344*4 

21344*4 

42 


It is much to bo regretted that we have not any record of practice at great elevations, which 
would give us the measure of the fall by gravity in 50, 60, or oven 70 seconds of time. As there is 
no limit to tho resistive strength that might be given to the 15-in. columbiad, by shrinking on 
steel tubes, there can be no reason why this piece, which, with a charge of 40 lbs. of powder, at 
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elevation 74° 3 1 38-7", would get a range of 1950 yds., should not bo fired at an elevation of 85° 
with a charge of 80 or 100 lbs. of powder; the observed time of flight and measured range would 
be very instructive. At present the 42 seconds* flight is the very outside of the limit wo can calcu- 
late with certainty; our Table of the series or progression fails altogether at 54*4". 


Table G. 


Time. 



Simultaneous 






Ascent 

Descent 




1 

702-4223 

702-4223 

453-6889 

Dm . 

453-6889 

16-2 

437-4889 

DHL 1. 
437-4889 

Diff. 2. 

2 

1298-1245 

695-7022 

903*0373 

49-3484 

644 

838*6373 

4011484 

36-066 

3 

2086-6026 

88*4781 

1347-7197 

44-6824 

144 

1203-7197 

3650824 

35-7915 

4 

2767-3526 

80*75 

1787*4106 

39*6909 

254*4 

15330106 

829*2909 

35-617 

5 

3439*8705 

72-5179 

2225-7845 

34-3739 

395 

1826-7845 

293-6739 

351425 

6 

4103*6523 

63-7818 

2650-5159 

28*7314 

565-2 

2085-3159 

258-5314 

34-968 

7 

4758-1940 

54-5417 

8078-2793 

22-7634 

764-4 

2308*8793 

223*5634 

34-6935 

8 

5402*9916 

44-7976 

3489-7492 

16-4699 

992 

2497-7492 

188*8699 

34*419 

9 

6037-5411 

34-5495 

3899-6001 

09-8509 

1247*4 

2652-2001 

154-4509 

34 • 14 14 

10 

6661 • 3385 

23-7974 

4302*5065 

02*9064 

1530 

2772-5065 

120-3065 

33-8701 

11 

7273-8798 

12-5413 

4698*1429 

395*6364 

1839-2 

2858 ■ 91-211 

86-4364 

33*5855 

12 

7874-6610 

00-7812 

5086-1838 

88-0409 

2174-4 

2911-7838 

52*8509 

88*2472 

13 

8413-1781 

588-5171 

5466-3037 

801199 

2535 

2931*3037 

19-5199 

33*3310 

14 

9038-9271 

75-749 

5838-1771 

71*8734 

2920-4 

2917-7771 

13-5266 

330465 

15 

9601-1010 

62-4769 

6201-4785 

63*3014 

3330 

2871-4785 

16-2986 

32*7720 

16 

10150* 1048 

48-7008 

6555*8824 

54*4039 

3763*2 

2792*6824 

78-0961 

31*7975 

17 

10684-5255 

34-4207 

6901-0633 

45-1809 

4219-4 

2681-6633 

111-0191 

32*9230 

18 

11204*1621 

19*6366 

7236-6597 

85-5964 

4698 

2538-6597 

143*0036 

32*9845 

19 

11708-5106 

04-3485 

7562-3821 

25-7224 

5198-4 

2363-9821 

174-6776 

31 -6740 

20 

12197*0750 

488-5644 

7877 -9050 

15*5229 

5720 

2157*9050 

206-0771 

31 *3995 

21 

12669-3433 

72-2683 

8182-9029 

04-9979 

6262*2 

1920-7029 

237-2021 

30*1250 

22 

13124*8115 

55*4682 

8477*0506 

294 • 1 471 

6824-4 

1652*6503 

268 0526 

30-8505 

23 

13562-9756 

381641 

8760- 1762 

82*9714 

7406 

1354*1762 

298-4741 

80-4215 

24 

13983 3316 

20-856 

9031*6461 

71*4699 

8006-4 

1025*2461 

828*9301 

30-4560 

25 

14385-3755 

020439 

9291-2890 

59-6429 

8625 

060-2890 

858*9571 

30-0*270 

26 

14 768 *6033 

383-2278 

9538-6249 

47-4904 

9261-2 

277-1219 

388-8641 

29-9070 

27 

15131-5110 

63-9077 

9773-6373 

35-0124 

9914-4 

-110-7027 

4281876 

29-3235 


Table H.— Elevations.— Initial Velocity 840 feet a second. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
28 

24 

25 

26 
27 


Ascrat 

Descent 

Sine. | 

Elevation. 

Range*. 

836 2 

836-2 

16-2 

8-2872048 1 

0 » *» 

1 6 36 

0*1. 

830 

yard*. 

1 279 

1664-4 

28-2 

64-4 

5876288 i 

2 13 

1663 1 

1 554 

2484 

19-6 

144 

7632109 

3 19 

1 2479-8 

1 826 C 

3294*4 

10 4 

254-4 

8872138 

4 25 

3288-5 

10% 

4095 

00-6 

895 

9843432 

5 32 

4075*9 , 

1359 

4885-2 

790-2 

565-2 

9-0633199 

6 38 

4852-4 1 

1617-5 

5004-4 

79-2 

764-4 

•1301008 

7 45 

5612*6 

1871 

6432 

67 "6 

992 

l 881657 

8 52 

6355 

ails 

7187-4 

55-4 

1247 4 

-2394339 

9 59 

7078-3 

2359 

7930 

42-6 

1530 

854182 1 

11 7 

7845 

2615 

8659-2 

29-2 

1839-2 

•8271512 

12 15 

8461 -6 | 

2820*5 

9374-4 

15-2 

2174-4 

653959 

13 21 

9118-7 

3039-6 

10075 

00-6 

2535 

•4007340 

14 34 

9750-8 1 

3250 

10760-4 

685-4 

2920-4 

i 336139 

15 44 

10356-5 

3152 

11430 

69'6 

8330 

' 643980 1 

16 65 

10033-3 

3646 

12083*2 

54-2 

; 3763-2 

933753 

18 8 

11482-2 

3827 

12719*4 

36-2 

4219-4 

•5207841 

19 22 

11999*3 

3999-8 

13338 

! 18-6 

i 4698 

468223 

20 37 

12483*2 

4161 

13938-4 

00-4 

5198-4 

| 716568 

21 53 

12932-7 | 

4311 

14520 

581-6 

5720 

954294 

23 1 1 

13345-8 

4449 

15082-2 

| 6-2-2 

6262-2 

*6182622 | 

24 31 

13720*7 

4573-6 

15624*4 

i 42-2 

6824-4 

402612 1 

25 53 

14055-2 

4685 

16146 

! 21-6 

7406 

615188 | 

27 18 

14343*8 | 

4781 

16646*4 

00-4 

8006-4 

821270 

28 44 

14598-2 | 

4866 

17125 

478-6 

8625 

•7021285 1 

30 14 303 

14794*44 

4931-5 

17581-2 | 

I 56-2 ; 

9261-2 

216188 | 

31 47 

14944-3 

4981 

18014-4 

1 33-2 | 

1 1 

9914-4 

406466 | 

33 23 

15040*2 

5013 
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Table H — continual. 


Tim.. 1 

Ascent. 

Descent. 

I-opm. Slue, | 

Rlmtton. I 

Ranges. 

28 

18424 

409*6 

10584 

9-7592659 

© IN 

35 3 

!e 

15080 5 

yards. 

5027 

29 

18800 *4 

885-4 

11269*4 1 

775259 

36 48 

15059*6 

5020 

30 

19170 

60-6 

1 1970 

954721 

38 38 

14973-6 

4991 

31 

19505-2 

35 2 

12685-2 

•8131469 

40 34 

14816-8 

4939 

32 

19814 4 

09-2 

13414-4 

305903 

42 36 

14583 

4861 

33 

20097 

282*6 

14157 

478400 i 

44 47 

14264-2 

4754*7 

34 

20352*4 

55-4 

14912*4 

649319 i 

47 6 

18850-8 

4617 

35 

20580 

27-6 

15680 

819007 

49 38 

12329-4 

4443 

36 

20779-2 

119-2 

16450-2 

987799 

52 22 

12687*3 

4229 

37 

20949-4 

170-2 

17249-4 

•9166024 

55 37 

11803-7 

3934-6 

38 

21090 

140-6 

18050 

824006 

; 58 51 

10908 

i 3630 

30 

21200-4 , 

110-4 

18860-4 

492068 

. 62 49 34 02 

9682 

3227 

40 

21280 

1 79-6 

19680 

66< >535 

1 67 39 

8095-4 

2698-5 

41 

21328-2 

48 2 

20508-2 

829733 

1 74 3 

5857 ■ 1 

1952-4 

42 

21344-4 

162 

21344-4 

10-0000000 

90 

00 

00 


Table I. — Elevation 45°. 


Range. 

Timo 
of Plight. 

Obllqne I 

Ascent. 

Mean 

1 Velocity. 

Initial 

Velocity. 

yard*. 

100 

feet. 

300 

4-35 j 

424*264 

97-53 

162-88 

200 

600 

6-i 

848*528 

136-86 

227*624 

300 

900 

7*61 

1272-792 

167-25 

275-88 

400 

1200 

8-82 

1697056 

192-31 

315-7 

500 

1500 

9-9 

2121-32 

214-27 

349 

600 

1800 

10-87 

2545-584 

234 07 

380-5 

700 

2100 

11-79 

2969 848 

251-9 

407 2 

800 ' 

2400 

12-63 

8394*112 

208*73 

438*2 

900 

2700 

13-45 

3818-376 

283-88 

454-4 

1000 

3000 

14-2 

4242-64 

298-8 

476-411 

1100 

3300 

14-93 

4666-904 

312-58 

496112 

1200 

3600 

15*63 

5091 • 168 

325-73 

S15-327 

1300 

3900 

16-3 

5515-432 

338-37 

533 

1400 

4200 

16*96 

5939-696 

349 04 

554 

1500 

4500 

17-59 

6363*96 

361*19 

565*1 

2000 

6000 

20-52 

8185-28 

413-41 

! C31-5 

2500 

7500 

23-15 

10606- G 

458 17 

, 690 

3000 

9000 

25-6 

12727*92 

497-18 

734*656 

3500 

10500 

27-88 

14849 24 

532*54 

772336 

4000 

12000 

30-05 

16970-56 

504 71 

805-1 

4500 

13500 

82-11 

19091-88 

594-46 

830 

5000 

15000 

34 12 

21213-2 

621 72 

850 


Wo will hercaftor describe two useful instruments, adapted by Major-Gen. Anstruthor, in bis 
investigations respecting the motion of projectiles. 

When the parabolic theory of the motion of projectiles in vacuo was first brought forward it 
was supposed by many clever men that the resistance of the fluid in which a projectile must 
necessarily move might be disregarded in calculation, or that at least a compensation might be 
found by experiment or otherwise which would render the parabolic theory capable of practical 
application. Persons who in those remote times were sceptical on this point would most likely have 
been treated with the same kiud of good-natured contempt that anyone in the present day would 
meet with who dared to express a doubt as to the truth of the generally-received doctrine, that the 
application of the parabolic theory in practice is quite inadmissible on account of the resistance 
of the air to a projectile moving with the velocity which it is practically necessary to consider. 
It is the fashion to assert as an indisputable fact that nothing can be further from the true 
trajectory of a projectile subject to the resistance of the air, and moving with a cousidemblo 
velocity, than a parabolic curve, and this we are told everybody knows ; if everybody also knew 
what the true curve of the trajectory was, we should be in a very favourable position for solving all 
the useful practical problems appertaining to the science of gunnery ; but here we are left completely 
in the dark, to arrive at tho conclusion that w hat the real curve of a trajectory is, nobody knows. 

The question therefore naturally arises, What are we to do? If theory, ns it is called, unsup- 
ported by practical results, cannot be relied upon, and must consequently be altogether disregarded, 
isolated experiments, without tho support of some theory enabling us to generalize, classify, ami 
arrange the results of practice, so as to render them applicable to all circumstances, arc little if at 
all better than the disregarded theory. That the range of a projectile moving through the air falls 
far short of the range calculated upon tho supposition that this same projectile moves in vacuo, is 


Digitized by Google 



1744 


GUNNERY. 


» well-known fact ; but At the same time, wo approach nearer and nearer to ft coincidence with the 
calculftted range a* the projective force and velocity nre diminished. It could hardly havo been 
expected that calculations established upon the supposition that the projectile moved in vacuo 
should bo found applicable in practice without certain modifications ; but it was at first supposed 
that a system of ootnjiensation or rectification might be easily arrived at, which would bring the 
disturbing elements caused by the resistance of the atmosphere and other causes ouito within 
manageable limits, and that the established theory would not only serve as a sure guwe to expuri- 
ment, but also as the means of generalizing and forming practical rules. Hut this idea seems to 
have been long abandoned. The forco of resistance, at first almost ignored, seems to be now 
exaggerated to such a degree that all thoughts of attempting to establish a practical theory seem 
to 1* hopelessly relinquished. We seem to have got into a kind of chaos of ideas on the subject 
of projectiles, without anything to rest u|>on besides a blind reliance upon tables, which wo worship 
and believe in, and which are framed according to a system which, of course, everybody knows, 
but which nobody could exactly describe to you if they were individually asked, and upon an 
implicit faith in some old traditional rules with reference to what are called the laws of gravity, 
which have been preserved for ages, and aro reproduced as a matter of course in all works upon 
gunnery. 

The laws of gravity seem to bo like the laws of the Medea and Persians, which no one, except 
Anstruther, should gainsay or attempt to alter ; and consequently they seem to have been taken os 
the starting point of all discussions respecting the theory of projectiles, and no one, except 
Anstruther, has been so wicked as for a moment to aucstion the truth of these time-hououted 
institutions, consequently they have remained unaltered, as venerable monuments of the past. 

That our theory of projectiles has proved n practical failure few will be disposed to deny. But 
the following question remains to be answoreil, Shall we relinquish all further theoretical inquiry, 
drop the matter in despair, and trust to experiment, tables, trial shots, and chance ? or shall we do 
what a sensible workman generally docs when his first effort at success is unsatisfactory, namely, 
look to his tools and machinery to see that there is no flaw of construction or no miscalculation as 
to the principles of action, and also look about him to sec if thcro are no modern discoveries or new 
scientific inventions which may assist him in arriving at the required result ? In the present 
article we propose to tako the latter course, and in the first place to say a few words about the laws 
of gravity, which may be considered as the machinery and tools with which wo have been working 
00 long. That the resistance of tho air must form au important element in all calculations with 
reference to the trajectory of projectiles there can be little doubt ; but wo think it is at least 
questionable whether we ought to attribute tho whole of the glaring discrepancy which is found to 
exist between theory and practice to that cause alone. It will he at least worth while to examine 
the matter in detail, in order to ascertain if there are not other sources of error, and whether 
corrections cannot he applied so as to bring the total amount within manageable limits. 

Suppose a curve either convex or coneavo to the axis of the abscisses to be of such a nature 
that while the abscisses denote the time, the corresponding ordinates shall denote the measure of 
the forco during such time ; then, because effects are proportionate to their causes, the instan- 
taneous velocities produced or generated by the forces are proportionate to the forces which generate 
them, da = y.d x expresses tho differential of the area included by a curve, and tho ordinates of 
any points upon it, as the function of the co-ordinates ; therefore, substituting c for a, / for y, and 
t for x, we have d c = f.dt. Taking as before the abscisses to express the time, hut the correspond- 
ing ordinates to denote the velocities generated or produced, it will be evident that in this case in 
the expression da = y . dx, a may be taken to represent the space passed ovor with tho velocity 
indicated by tho abscisses ; we may therefore substitute s for a, v for y, and as before, t for x, which 
gives d* = v.dt. When we have to deal with uniform velocity we may tako r as constant ; there- 
fore, integrating the last expression, * = vt, from which we deduce the following ; — 

In uniform velocity — 

1. The spaces described in the same time are as the velocities. 

2. The spaces described with the same velocity are as the times. 

3. Spaces described with unequal velocities and in different times ore as the velocities and 
times conjointly. 

There can be no doubt whatever that the above expressions are correct exponents of the valuo 
of uniform forces or velocities under all the circumstances to which they may be applied. But 
with reference to tho subject we aro now dealing with, uniform force or the resulting uniform 
Telocity can lie only taken as a measure of, or as a means of indicating tho comparative values of 
the varying forces, or of the accelerated or retarded velocities involved in the motion of bodies 
subjected to tho influence of attraction combined with that of a projectile force, while passing 
through a resisting medium. We hero enter upon a very intricate subject, so difficult that in 
order to facilitate calculation we seem to have condoned many errors in theory as being separately 
too minute and insignificant to have any important effect upon the practical result, tho conse- 
quence of which appears to be that the aggregate has produced an amount of accumulated error 
which renders our calculations practically useless, and then we exonerate ourselves by laying tho 
whole blame upon the atmosphere. We can only estimate or compare forces by noting their effects 
upon matter with which we aro conversant, and then by a careful analysis and comparison 
endeavour to deduce os close on approximation as possible to the laws of action of the forces under 
investigation. Leaving out of consideration slight deviations and perturbations, we may assume as 
an established fact that the orbits of the heavenly bodies subjected to the influences of attraction 
and some original mysterious projectile force ore elliptical. This, duo to John Kepler, is at least 
the closest approximation to their line of motion whicn we have as yet arrived at. 

Starting from this point, we shall now proceed to show that if the centre of force be situated in 
°ne of the foci of an ellipse, a body whose line of motion is on the periphery must be attracted by 
a toroe whose intensity is inversely proportional to the square of the distance from the centre of 
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attraction, and that therefore this is the closed approximation to the law of attraction which wo 
havu tin yet attained to. In order to this wo shall in tho first plaoo establish two equations with 
reference to centripetal forces in general. 

We shall sup|Kise that a body projeoted from a given point A, Fig. 3317, in a given direction 
A E, with a given velocity, is attracted by a force 
which acts according to any law whatever towards 
n fixed point C. Take tho curve A M B, which we 
will express by z, to represent the locus of motion 
of a particle subject to the combined influences of 
the projectile and attractive forces ; C A, C M radii 
vectors, which we will represent by y, indicating 
tho lines of nction of the attractive force at anv 
points A and 31 in the curvo A M B ; AE,MS 
tangents at the points A and M, and GE, CS 
perpendiculars upon the tangents from the fixed 
point G. 

From any point T in tho tangent at 31 let fall 
the perpendicular T R upon tho line C M. Then 
T 31, M It, T K, niAy bo taken respectively to repre- 
sent <1 r, dy and d x. 

By tho resolution of forces C M, 31 8 as the force in the direction C M is to tho force in tho 
direction of the tangent at the point 31. By similar triangles 31 T : 31 K : : C M : 3f S ; or if we take 
* t dy 

/ to express the centripetal force at the point 31 , d x l d y il / l { /, which evidently expresses 

tho force in the direction of the tangent at 31. Substituting this value for / in tho expression 

dv = f.dt (/is for force in general), wo obtain d v = ^ / .dt; dv .dx = / .dy .dt; » / * = dt. 

dz J / .dy 

Eliminating dt by means of the equation ds = v .dt, which in this case is represented by 
dv ,d x d x 

dz = r .dt, we got _ — = dt s — ; v .dt = /.dy, which, when y increases as the velocity o 

/•dy v 

diminishes, becomes r .dv = — / .dy. 

Taking, tho two equations already established, dv =/.dt and d x = p .d t, upon the supposition 
that the evanescent intervals of time are equal to each other, and consequently dt uniformly 
constant, the differential of the latter oppression becomes iP x = dv .dt. Substituting the above 
value for dv, we have <f : x = / .d t 9 . C 31 : C 8 ns the force in the direction C 31 is to the force in 
the direction perpendicular to the tangent at M. Taking a to represent the perpendicular 08, we 

have y : s ! I / T ^ /, represents the force in the direction jiorpendicular to the tangent at 31. 
Substituting this value for / in the abovo expression, we have <Pz = -/.dt 9 . By similar triangles 

.y.tfy ^ 


dy. 


therefore ■ 


= 31 8. Tho radius 31 8 is to 


T M : m r : : c M : m s, .I i : rfy : : y : — . . 

d x dx 

the radius 31 T as tho differential of the circular arc described by tho point 8 (which may 
evidently bo represented by da, the differential of tho tangent at that point) to the differential of 
the circular arc described by tho point T, which may be taken to represent tho second differential 

of x with respect to the space T 31 = d x. Therefore ^ 

d a. dz 9 




; ds 


d a.dz 9 ds.dx 9 


therefore — / dP = d* z = 

y y-dy 

d 


y.dy 


- <Px; 


-/dP = 


y.dy 


but dx = vdt. 


y-dy 
ds 9 

— j- =(/<*. Substituting 


this valuo for d P, - / — - = — / . tf y . i = r* .ds. 
y J P y.dy J y 

Having now established the two equations v.dv = — / .dy and / .dy . a = v 9 . da, we can elimi- 
nate /. — . — a.dv = v.da, v.ds + adv = 0. Integrating, we get v . a - C. 

d y dya 

Taking d to represent the perpendicular C E to tho tangent at tho initial poiut A, and c the 
initial velocity, it will be evident that when v becomes # 3341j 

c, a becomes d; therefore cd = C, and tho corrected 
integral will he » . * = c d. 

The areas of all parallelograms circumscribing an 
ellipse formed l>y drawing tangents at the extremities 
of two conjugate diameters are constant, each being 
equal to the rectangle under tho axes. 

Tako « to represent tho semi-transverse axis, and b 
the semi-conjugate axis ; P C, C D, Fig. 3318, two seini- 

conjngate diameters, J,a = PP'CD, ^ = PI y . 

The angles made by tho focal distances with the 
tangent are equal and the angle at P is equal to tho 
angle at K on account of the tangent being parallel 
to the diameter E D ; therefore, by similar triangles, 

y ; i ; ; P E ; P I”, — — — p P'. If straight lines be drawn from the foci to a vertex of any 

5 T 
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diameter, the distance from the vertex to the intersection of the conjugate diameter with cither 
focal distance is equal to the -semi- transverse axis, 


P E = a, — = P P* ; 

y 


CD 


= PP' 


s .a 
~ ’ 


b^y 

CD ’ 


The rectangle under the focal distances of the vertex of any diameter is equal to the square of the 
semi -conjugate diameter. F P . y s 0 D* ; hut the focal distances are equal to th e transvers e axis, 
FP + y=2 a, F P=(2o — y ). Substituting value for F P, (2 a — y).y=C D 4 , >J(2a — y)y = C D. 
Substituting this value in i r wc havo 4 — j j (2a~~y)y } * value 

for a in the equation c . a = c . d, t . , \ m /J ^ -777 *= c d, v.b.y^c.d.*/ {(2a — y) y } 


V((2«-ir)y| cSrf? 2rt _ 

r*. 6*. y 4 = c*. d*. (2 a — y) y, r».A».y = c*.d».(2a -y),®* = ^ — 


— r . 1/ c = ; but — /dy = e.dc; .*. / d y = — 1» . dc, fdy = — r . d c = -tj- • 


- . Differentiating, we obtain 
c*. d* a.dy 

y* : ' ! "ft* y 4 ”’ 

_ c • iP-J* . J. # Take = A, / = ^ , which sbowB that the force of attraction is inversely 

ft* y* ft* if 

proportional to the square of the variable distance y of a particle moving in an elliptical orbit, the 
centro of the attracting force being in one of the foci. This therefore is the closest approximation 
to the law of attraction which has as yet been attained. The name law will be found to exist with 
reference to a bodv moving on the arc of a parabola, the centre of attraction being situated in the 
focus, which can be shown na follows;— 

Let C, Fig. 8849, bo the focus of the parabola AM; A the vertex. The perpendicular 8 to tho 
tangent at the point M is a mean proportional between 
the distance y from the focus to that point, and the dis- 
tance C A from the focus to the vertex. Take C A = o, 
a.y = #*, tj a. y = *. Substituting this value for .« in the 
equation r irerf, we have r . J (ay) — c .a. A C is per- 
pcndicular to tho tangent at the vertex ; therefore a = d, 

t* • *J («* y) — c • r* = -jj— . Differentiating, 

c*a .dy 


v.dv = — 


2,* 


— v.dv = 


c*a.dy 
2 y* 1 


bn»/.rfy= -«.rfr,/.rfy= -t.de =^l^K,/=~ 

T»ko^ = A ,/=*. 



If the earth was perfectly spherical tho directions of gravity would all concur at its centro. 
Therefore, considering the earth ns a sphere and applying the laws of attraction founded upon 
astronomical observations, we might suppose that the force of gravity with reference to bodies near 
the surface of the earth acts upon lines tending towards such central point with an intensity vary- 
ing inversely os the square of tho distance from the centre of attraction. That this is the true law 
of attraction, so far ns up to the present time human reason can recognize it, seems to he generally 
admitted by all writers upon tho science of gunner}', lint it seems to lie thought that the working 
out of the problems involved in such a law in all their integrity, so ns to firing them within the 
scope of practical utility, would require the command of a calculus more powerful than any we are 
at present in possession of. Therefore, in order to bring the subject within the grasp of compara- 
tively easy calculation, we suppose; — 

1st. That the lines of action of the force of gravity, instead of all tending to a common point at 
the centre of the earth, are all parallel to each other. 

2nd. That within tho space above the surface of tho earth which wo have to consider with 
reference to the motion of projectiles, we may dispense with a scrupulous adherence to tho esta- 
blished laws of gravity. • 

In order to justify ourselves in these suppositions we endeavour to define the limits of error 
incurred as follows ; — 

And first ns to the parallelism of the lines of action of the attractive force. 

Taking the radius of the earth nt 3'i>65, nearly, miles, 6978400 yds. ; the length of one minute 
of a degree to such a radius would l»e over 2000 yds. A mile is only 1760 yds. : therefore within 
a lateral range of one mile the limit of error involved in considering the lines of attraction parallel 
instead of tending to a common point would be within one minute of a degree. As the centre of 
attraction is more and more removed from any points under consideration, the more will the lines 
of action of the attracting force tend towards parallelism. Consequently, considering the lines 
parallel is tantamount to considering the centre of attraction removed to an infinite distance. 

We have assumed tho distance of one mile ns the lateral space necessary to consider w ith refer- 
ence to tho motion of projectiles, in our first sup|tosition. and in the second we shall consider the 
some vertical distance as being far beyond the greatest height which can be reached by the trajec- 
tory of projectile* propelled by any human contrivance as yet discovered. 

Taking the radius of tho earth at SiHJo mile*, and assuming that the power of attraction is 
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inversely proportional to the square of tho distance from tlio centre, (3*966)* — (3*9C5) a will repre- 
sent tho difference in the intensity of the force at the surface of the earth ami at a mile above it, 
(3*966)* — fS*985>* = 7*981, (3*965)* = 15721000, the thousandth part of which is 15721. Tho 
half of this is 7801. If therefore we take / = f3'965J* as the representative of tho attractive force 
at the surface of the earth, tho difference in tho intensity of the force at the surface and a point 
one mile above it may be expressed by the number 7931, which is very little in excess of 
7*8hl = tiAtb /• 

The su|i(N>!«ition founded upon this reasoning is that wo may assume the force of gravity (which 
is the name given to the attracting force) cither ns constant or as iutlucnccd by any law we please, 
or both, first ono and then the other, for the vertical space of one mile above the surface of the 
earth ; and that the limit of the error thus incurred will be tho part of the intensity of the 
force of attraction at the surface. 

This mode of reasoning is very plausible, and would bo conclusive if we had to deal with any 
of the palpable material subjects familiar to our daily experiences, for tho Y»i>a part of anything is 
in most eases a very small matter, and may be generally neglected without producing any sensible 
error in practice. But we have now to deal with a very subtle mysterious power, of the essence of 
which we know next to nothing; we approach those dark limits which circumscribe the action 
of the human intellect, and we ought therefore to feel our way very carefully as wo proceed. So 
long as wo have only to deal with ratios and comparisons, we are tolerably safe in drawing infer- 
ences, but we thiuk it is very questionable whether we are justified in assuming that tho neglect of 
the fjjiixf !»®rt the entire force of gravity at tho surface of the earth will produce no sensible 
error in calculation, when at the same time we can form only a very vague conception of what tho 
intensity of that forco is, and if so, here at tho very outset of our investigations is a most prolific 
source of error. Up to the present time, however, the subject has not been considered from this 
point of view; on the contrary, it has been taken as a fact, established by conclusive reasoning, 
that we may, within the limits assigned, assume almost any latitude in dealing with the forco of 
gravity when applied to the theory of projectiles. Aud with this understanding wc proceed to 
frame what are commonly called the laws of gravity. 

Most people who have not closely considered the subject will bounder the impression that there 
is no difficulty whatever in forming a perfectly clear and defined conception of the continued action 
of any given force. But when we come to analysis, reasoning, and calculation, we find that tho 
only means we have of dealing with tho matter is to consider that the forco acts by successive 
impulses or solicitations, equal or otherwise, as the case may lie, at the commencement or the end 
of very small equal intervals of time or of space measured on the line of action of the force. 

If we take a to represent the small unit of time, and b the small unit of sjiace, we must in the first 
place find an expression for the initial intensity of tho force by supposing that it is such as to catiso 
a particle of matter to move upon the lino of action of tho force through the space A b during tho 
unit of time a, or else that it is such as to canse the particle to move on the same line over tho unit 
of space 6 during tho time A a, the coefficient A being a quantity determined by experiment or 
otherwise. For instance, assuming the law which seems to be received as tho true law of attraction, 
namely, that the intensity of the force varies inversely as tho square of the distance from tho centre 
of force, and supposing that during the first unit of time, which is usually taken at one second, 
d represents tho distance passed over by a particle of matter, in consequence of the initial solicita- 
tion of the force*, d 1 will evidently express the intensity of the force at the termination of the first 
second. If the particle were subject to the influence of this force alone, it would evidently descend 
daring the next second, with a uniform velocity, a distance = rf 9 ; but during its descent it is sub- 
jected to <i* solicitations, each successively equal to the Bqnoro of that immediately preceding it. 


The distance will therefore be expressed by a series, the ex- 

ponents of the consecutive terms of which form a geometrical series of which the first term and the 
common ratio arc 2 and the number of terms of tho series d*. 

Tho expression for the distance corresponding to each of tho succeeding seconds will evidently 
he a series of the Bame form, the lost term of each series being taken for tho first term, os well ns 
for tho number of terms of the succeeding series. The sum of all the series will express the 
distance actually descended in any given time, the time t expressing tho number of series. If we 
should suppose the intensity of the attractive force to he inversely as the distance from tho centre 
of force, taking d as before to represent the distance passed over during the first second, tho inten- 
sity of the force at tho end of the first second will evidently he represented by 2 .</; the particle of 
matter under the influence of this force alone would evidently descend a distance equal 2 .d, but 
during tho descent it will be subjected to two solicitations of gravity each separately equal to d. 
Therefore at the end of tho second second the force will bo represented by 4 . d ; at the end of tho 
third second by 16 . d, Ac. Therefore d + 2*.tf -f 2 s, *.d . . . . 2' - *.d -f 2‘ .d, a scries of which 
the exponents of the c<»efficients of tho terms form a geometrical series of which the first term and 
the common ratio are 2, and the number of terms t will express tho distance descended by a particle 
of matter during the time t. 

In framing the laws of gravity this latter supposition seems to have been to a certain extent 
adopted, for we are told that during the first second of descent d becomes 2d, and is then called g. 
This is so far intelligible, but what follows is, to say the least of it, rather startling, and a little 
difficult to be understood, for d expires in giving birth to g, and this posthumous offspring is not 
only twice as big as his progenitor, hut ho appears to be endowed with the most extraordinary 
and supernatural powers, for he has a capability of generating a constantly increasing velocity, 
which ought to be simply an exponent of his own increase, but wonderful to relate, g never alters. 
Ho goes down to infinity for the purpose of settling some small matters relative to terminal velocity 
(of which we shall speak presently), and comes up agnin quite unchanged ; he is employed to solve 
complicated problems with reference to variably accelerated or retarded velocity; he is blown up 
by gunpowder, forced into steam boilers, up and down funnels, through fire and water, bat is not 
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in the slightest degree affected by all thcao vicissitudes. Whenever we come across him we find 
llim placidly and systematically doing his duty ns the representative of the force of gravity — in all 
places and at all times the old familiar <7, exactly ns he apjieaml at his birth. 

The fact of a heavy body being suspended in space without any support, and being in a state 
of rest, and then commencing suddenly to descend by the influence of an initial force which is 
equal to nothing, may be a conception easily formed in a well-trained mathematical mind, but to 
the uninitiated it is a little difficult of comprehension. 

In order to illustrate ns clearly as possible the method adopted of deducing the laws of gravity, 
we shall return to the language of the differential and integral calculus, taking again the expres- 
sions already established, dc — f dt y d a = © .<//, but supiMisiug the generating power or force of 
gravity which is represented by / to be constant and invariable, integrating (/©=/.<//, we get 

e s /.i, ^ = «/< = —, v.dt = f,da; integrating ©* = 2 v = f.t, e* = /* <*, v* = 2 /*, 

/ ® 

v r* 

f 1 i 1 = t* = 2 f s, f (* = 2 $, — — f — - , 2 . s = © f. From the equations thus established, we draw 

the following conclusions; — 1st. From « = /.( we assume that the velocity acquired by a body 
falling freely from a state of rest, and being acted upon by gravity alone, is proportional to the 
time elapsed. 2nd. From e* s= 2 f.t we assume that the sjiaces described in the descent are 
proportional to the squares of the velocities; or by/<* 2 2.$ to the squares of the times; or by 
2.» = ©< to the times and velocities conjointly. 

Comparing the two equations, a = t . r and 2.9 = t r,the first being referred to uniform velocity 
and the second being suppos'd to refer to accelerated velocity, the following inference is drawn. 
The space described uniformly with the velocity acquired by a body falling freely from a state of 
rest is double the space described by the body while generating such velocity. This is the founda- 
tion upon which a very complicated structure is raised, elaborate tables of reference are compiled, 
and the changes arc rung upon all the various combinations of the quantities of space, time, and 
velocity, in all of which g plays his invariable part as the representative of gravity uud unalterable 
sameness. 


Wo have given the above few* simple differential expressions as illustrating most easily the course 
followed in constructing the laws of gravity, but the matter is generally explained by a much 
more clnlmmte process. We shall MV make a few remarks upon this modo of deducing tho laws 
of gravity. 

The effects of gravity are represented by supposing that the force acts by equal solicitation!!, at 
the end of equal intervals of time called seconds ; it has been proved that the action of the force is 
inversely proportional to the square of the distance from the centre of attraction. It would there- 
fore seem tlmt the above supposition was as far from the truth ns the parabolic curve is stated to 
be from the true trajectory of a projectile. Tho intensity of the initial solicitation of the force, 
and consequently its exponent velocity, arc exhibited (upon the supposition that it may be con- 
sidered constant within assigned limits) with reference to units of time and space os follows. The 
number of feet descended by a particle of matter during one second of time is in the first instance 
nup|>osed to be ascertained by accurate experiments with the pendulum, Ac. (and of the accuracy 
of thcao experiments we shall tqnuk presently); this, which thus becomes a known quantity, 
is expressed by d. d is at first sup|*Mod to represent the value of each of the solicitations 
which are supposed to take place at the end of each succeeding second, for we find that at 
the end of the first second d Ijccoiuos 2 . </, and is called </, which evidently represents the 
intensity of the force generated by or resulting from two successive solicitations. In accordance 
with this assumption, at the end of tho second second, three equal solicitations would havo 
taken place ; and consequently the resulting force and its exponent velocity would lie expressed 
by 3 .</. But it is not so; g is now taken to represent the value of the successive solicitations. 
Although we may have implicit faith in the accuracy of the experiment which introduced 
d to our notice, g evidently owes his existence to an arbitrary assumption which, although supposed 
to be admissible within assigned limits, is proved to bo very far from the truth. I think, there- 
fore. there is at least room for doubt whether g should be at once unhesitatingly recognized os the 
legitimate representative and successor of d. It would appear to be quite allowable to form a series 
according to a certain law, and having ascertained tho value, reject the first term upon tho 
supposition that the terms were so small individually that the neglect of one would in the aggre- 
gate produce no sensible error. But in the present instance we Lave not only done ’this, but we 
have altered the value of what ought to be the constant increment by substituting g for <i. This 
little Bin against fair logical reasoning is glossed over and concealed by ingenious illustrations 
and high-sounding terms specially framed and adapted for the confusion of useful knowledge; 
and it seems to be expected that the illegitimacy of g's birth will be condoned upon the ground of 
his being so very small ; but we arc afraid this sin against gravity, like all other sinn, will be found 
to boar its fruits, and that something else Is-sides the atmosphere is to be blamed, when wo find our 
theory and practical experience* so very divergent. 

The assumption thnt the spaces described by a falling body in its descent are proportional to 
the squares of the time* is founded upon the supposition that we are justified in considering tho 
generating power or force of gravity, which is represented by / in the expressions involving space, 
time, and velocity, as constant ; but it seems absurd to suppose that we can separate the essence of 
anything from the exponent that marks its existence, and consider that one varies while the other 
does not. The laws of gravity now extant, whether fallible or infallible, are evidently dependent 
upon tho accuracy of the experiment by means of which we are supposed to have ascertained tho 
apace described by a descending body during one second of time. We shall therefore now say a few 
words on this subject. 

If the circumference of a circlo be rolled on a right line, beginning at any point A, tho move- 
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mcnt being continued till the name point A Arrives at the line lignin, making just one revolution, 
and thereby measuring out a straight line A B A, Fig. 3350, equal to the circumference of the 
circle, while the j>oint A in the circumference truces out a curve line AGYCA; the curve thus 
traced is called the common cycloid ; the line A A is called the hose ; V the vertex ; V B the axis ; 

3380. 3351. 


V 


and the circle by the rotatory motion of which the curve is described, is called the generating circle. 
There are several properties belonging to the species of cycloidal curve called the common cycloid ; 
but we shall only s(M»k of those which immediately relate to the ex|s riment uuder consideration. 
As the generating circle rolls along the base of the cycloid, the describing point lias two motions ; 
first a progressive motion in a direction parallel to the base BB', Fig. 8351, and secondly, a motion 
of rotation round tho centre of the generating circle. These motions arc equal, for, in the time of 
one revolution of the generating circle, the describing j>oint moves by its progressive motion 
through the space B B' t while by its motion of rotation it moves through a space equal to the 
circumference of the circle. Suppose the circle to roll from the position A in which the describing 
point P coincides with the vertex of the cycloid, to the position L in which the describing point has 
moved to P\ when the point which was i»t A will be now at A'; the distance LA will then be 
equal to the arc L A' of the circle, since that arc has rolled over L A. The point P', in consequence 
of the two equable motions already explained, one in the horizontal direction P' N parallel to A B, 
and the other in the direction of the tangent to the generating circle P*T at the point F', will have 
an actual motion in a direction equally inclined to each of these lines. The direction of the curve 
at P', or, what is the same, the direction of a taugent to the curve at that point, will therefore be 
represented by a line bisecting the onglo N P' T, and this line will bo the continuation of the 
chord of the arc of the generating circle between P' and the highest point O ; for if L P' be drawn 
the angle 0 P J M w ill be equal to the angle O L r\ on account of the similarity of the triangles O Q P' 
and O P' L. Tho angle O P T' will also be equal to the angle O L P' in the opposite segment of 
the circlo; therefore tho angle OF T will be equal to the angle OFQ, or, what is the same, tho 
angle N F II will be equal to the angle T P' K. The line 
O I" K therefore bisects the angle T P' N, and is therefore a 
tangent to the cycloid at P'. £ince the arcs* A P" and L P' 
are equal, and also the arcs P V' anil O P', tho lines A P" 
and L P* are equal and parallel, and the line* P P" and 
O P* are likewise equal and pamllcl. The tangent at P* 
is therefore parallel to the corresponding chord P" P of tho 
generating circlo on the axis. The direction of motion in 
any point of a curve is always in the tangent at that point ; 
consequently, if the motion with which any point m, Fig. 

3352, arrives at 51 was to become uniform, the point m would 
proceed in the direction of the tangent T M, therefore tho 
directions of the motion in the abscissa A P, ordinate P M, 
and curve being in the sub-tangent T P, ordinate P RI, and 
tangent T M. Tho differentials of the abscissa, ordinate, 
and curve may be represented by the three sides of the tri- 
anglo TPM, or by tho correajiomling sides of any similar 
triangle. 

Draw M P, Fig. 3353, perpendicular to tho diameter L T 
of tho generating circle. Take LT = o,TP = j, tho chord 
T M = p, and the arc All=;. 

.*. tm : TL :: TP : tm, P :ai:dx:ds. 

p .dz = a dx. 

tl : tm :: tm : tp, a: P :: P :x. 

a* =p», a.dx = 2 p.tfp, p.dz = a.dx = 2 p.tfp, dz = 2 dp, * = 2p. 

Tako a to represent tho diametor B A, Fig. 3354, of the generating circle, and let A P = y. 
Upon the supposition that the lines of action of the gravitating force ore parallel to the axis and 

perpendicular to the base of the cycloid, dz dy f Substituting this value for / in the 
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equation dv = fdt, tlv = ^f.f.dl, ~ - tit = '^ , v.dv=/.dy; and bccauso in this case 

v increases as y diminishes, r. Jf - — } .dy . If we lake d to represent the height fallen through 
in a second, we must, according to the conventional rule, 
take 2 </to express the uniform velocity equal to the velo- 
city generated by falling through the height </ ; therefore 
in the equation v.dv = — f.dy we are told that we must 
substitute 2 d for f in order to obtain the actual value 
of d in known terms. The equation therefore becomes 
v.dv = —2d .dy. But this is in reality nothing more 
than our old friend g, who seems to be always turning up, 
like the clown in a pantomime, in some new disguise, and 
it is only by treating him differentially that wo can detect 
him. However, he hi hero engaged in fulfilling a sacred 
duty, for he is on his way to search for the remains of his 
deceased parent d, who it will be recollected disappeared in 
such a mysterious manner at the commencement of </n career. 

Integrating v . d v = — 2c/.(/y,weget r’ = C — 4.</.y. When 
y = a, t? = 0 ; therefore C = 4 . a . </, and the corrected inte- 
gral is c’ = 4 . o . d — 4 . d . y, v — 2 J (a . d — d . y). 

Take p to represent the chord A N, 

ap : an :: an : ad, y : p : : p : a . 

''■y=p‘< J<.« y)=Pt *=2-p. *=W(° y ). j 

Substituting the values just found for r and dz in the equation dt 



v.d I, wc get 

' ,y = 2J(a . = - *)}''*• 


jlfl.y) 

Divide both side* of the equation by 2 1 1 — ■ ) . 

“■‘‘y _ ss.n J 


a.dy 


2 Vf(a ' f)// ’ J 2^(u y-y*) 


J (« . J) / = versin. “ 1 y 


to diameter a. When » = 0, versin.- 1 y expresses } the circumference of the circle, and ( tho time 
of descent through haif tho cycloid. Take e lo represent versin .- ' 0 to diameter a, c = t (a . ■!). 
Take t = J", and consequently tlic time in the entire are ono necond, c = J */ (" . J), e* = } (<" ■ “). 
4 c* 4 c* 4 c* 

— = d; which may be put under the form — j <* = d, — 


l .a = d. 


Take AH=r, Pll-j, Fig. 3354, QN = 2o, arc N P = 9, 

* = AM = A N - N M = * - sin. 0 = versin.-' y - JViay- k’). 


the 


general expression for the normal is y \/. + (g)r t 

tlx = { — g-~ ^=r)di 

i 


d X 

dy ■ 


±y . 

dx 


(2u-y) ! 


y* (2 a- y)l 


dy, 


■ c 


<i y\'_ 2" — v 
dx) = y ’ 


1 + 


(2a-y) 4 ' 


(d y\> 2 .i 

UJ “ y ' 


An expression for the radius of curvature is 


(i + P’y 


dy . tPy 
whcnp = ^andq = — ,, 


. + P- = V a - 0+^*-^. 

y yi 


dy 

d x 


(2 a — y) 




Take z = 2 a — y ; 


dy 


<Ty 

dx 




J 


But dz = — dy, 
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iP y 
dx 


- » V * -* 4 - i = 4 4 


rfy = 


ifL^ rfy = 

y 


4j>' V* 


Substituting value fop t, = “ V ^ c / y = — — . d y ; but 

rfjr 4y(2a-y)*y* 4y*(2«-y)* 


<iy = 


(2«-y)* 

y* 


<ix. 


Substituting this value for d y, 


<P y 
dx 



= a. Substi- 

y’ 


tuting these values, 


'l 



y~ = 2^ a- y^ = 2 J 2 a y. 
a 


Taking R to represent the 


mdius of curvature and >J the normal, we have R = 2 <J 2 a y, N rs *J 2 <i y ; therefore it is evident 
that in this curve the radius of curvature is equal hi twice the normal ; thereforo at tho vertex the 
radius of curvature is equal to twice the diameter of tho generating circlo. 

The involute of a semi-cyoloid A O U, Fig. 3355, is an equal semi-cycloid IT P V in an opposite 
direction, the extremity of ilio liase of the latter being in contact with tho vertex of tho former. 
From any point O draw O B parallel to A C, cutting the generating 
circle in V', and join F U ; draw O P a tangent to the cycloid in O, and 
at E the point where it cuts the line U N, drawn from U, parallel to 
O A let full K D pcr}MTndiculur to II N and equal to O U. With K 1) 
as a diameter describe a circle intersecting the tangent O P in some 
point P. O E is equal and parallel to F IT, p. 1743. O F is equal to 
the arc F « U. The circles C F U and I) 1* K are equal by construc- 
tion. The angles F U E, U E P are also equal, the chord being 
|Hirnllel to the tangent. The chords F U and E P are therefore 
equal, and os the angles they make witli tho common tangent to the 
circles at IJ and E are oqnnl, tho arcs F c U and P n E subtend equal 
angles, and are therefore equal. FOEU is a parallelogram, there- 
fore U K is equal to F O. But Fell is equal to F O, therefore P n E 
is equal to U E. If the circle E P D had been placed on the line U N 
at 1', and had rolled from U to E, the arc disengaged would have been equal to IT E, and the 
point which was in contact with U would be at P in the periphery of a semi-cycloid U P V equal 
to A O U ; the haso lino U N of tho one being equal and parallel to the base line C A of the other ; 
also the axis N V of the ono eqtml and parallel to the axis C U of the other. And since the samo 
may he shown to obtain with respect to any other point whatever in the arc A O U, the cycloid 
U P V is the involute of A O U. 



To construct a jwndulum which shall oscillate in any given cycloid whose base is parotid to the horizon. 
— Let V N represent tho axis of the cycloid and diameter of the generating circle. Produce V N 
till V A equals 2 . V N. Through A draw a line A C parallel to N U, the semi-huse of the given 
cycloid : then on A C as a semi-base with axis A N describe a semi-cycloid AOU. and in liko 
manner describe another semi-cvcloid turned the contrary way. Then if a pendulum he suspended 
by a flexible string to the point A, the length of the string being exactly equal to the lino A V or 
arc A O U, which from the nature of the curve are equal to each other, the pendulum oscillating 
in tho plane of the cycloids will in its motion come alternately into contact with the cycloidal 
cheek AOU and tho ono corresponding to it on the opposite sido of tho lino A V, and will 
describe the cycloid of which N V is the axis and N U the semi-base. 

The length of a cycloidal pendulum vibrating seconds in any given latitude being ascertained, 
it will bo evident that the diameter of the generating circle is also known, aud therefore the 
quantity a in the equation » 2 .« = d becomes a known quautity. The properties of the cycloid 
w ith reference to the vibrations of the pendulum aro demonstrated upon tho supposition that the 
whole mass of tho pendulum is concentrated in a single point, but this cannot do assumed with 
reference to any vibrating body, for the centre of oscillation will not occupy tho same place for any 
two points in the arc of vibration. This therefore iu practice is a Bouree of error. 

Much time aud trouble appear to have been expended in demonstrating the properties of tho 
Isochrone. The name of this curve alone impresses one with a sort of reverence, and the investi- 
gations connected with the vibrations of ixmuuluma and consequent determination of tho force of 
gravity are highly interesting, and would no doubt have been found practically applicable, but for 
one slight drawback, — it was found that tho exceedingly ingenious instrument by means of which 
tho experiments were to be performed could not be made. The difficulties involved in the construc- 
tion were so great that sufficient accuracy and durability could not be attained to render it prac- 
ticably serviceable. All thoughts of making use of the cycloidal pendulum seem thereforo to nave 
been abandoned, and tho theoretical demonstrations appear to have been placed on the »une shelf 
with those well-known abstruse and ingenious investigations relative to the motion of projectiles 
in vacuo. 

Having found out that tho cycloidal pendulum would not do, we immediately turn to our old 
contrivance, bused ujjon what ought now to be admitted as an axiom, namely, that all things 
which arc very littlu aro equal to each other, and that thero is no difference to speak of between 
any of them. Upon the strength of this reasoning we invest the pendulum oscillating in a circular 
arc with all the projicrtieg of the cycloidal pendulum, upon tho understanding that the arcs of 
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vibration ore to bo very small. That wo are justified in doing this is supposed to be proved as 
follows; — Lot U V W, Fig. 3350, b© the cycloid in which a body is supposed to oscillate, 
V N = NA, AU = AW = A V = | U V W. The accelerating force in any point T of the 
ctirvo has the same effoct as if the body were placed upon the tangent T t ; therefore the force 
of gravity is to the force in the direction T t as T t l T O, or by similar triangles ns Q V : Q H, 
the tangent being parallel to the chord; or again, by similar triangles, bi V N I V Q. In like 
manner, taking any other point fcs in the curve, tho force of gravity is to tho force in the curve as 


3356 . 3357 . 



V R : V I or V N : V R. Therefore tho accelerative force at different points T.S of tho curve 
varies as the corresponding chords VQ.VK of the generating circle, or as tho portions VT.V8 
of the curve measuring from the vertex, such portions of the curve being respectively double the 
corresponding chords. Therefore a body moving in a cycloidal arc is attracted by a force which 
varies directly os its distance from the lowest point V. \Vc have therefore now to find expressions 
for the velocity and time under these circumstances. Ix>t P, Fig. 8857, be the point from which a 
particle of matter commences its motion; take PC = o, its distance from the centre of force; let 
r = the velocity at any variable distance, AC = », and take / to represent the force at some given 
distance / from C, compared with a unit of force which we will represent by tn. As the inten- 
sity of tho attractive force is directly proportional to tho distance from the centre of force, 

/ I * 1 1 / I therefore y is an expression for the force at the variable distance » compared with 

unity, and when measured by m. Substituting this value for / in tho equation v .dv =. f .ds, 

wo have v.dv = ™ - «.d«; or, since v increases as * diminishes, v.dv = — — y s .ds. Integrating, 
r 1 = — ** + U. When e = 0, s = a; 0 = — ™y s* + C ; C = ^y - a 3 . Tho corrected integral is 

therefore c s = — y^ | a* — «* } , c = j^y (a* — **)j . In tho quadrant P I) B described 
from centre C with radius C P, the ordinate AD = ^(CP 1 - C A*) = //(a* — **); therefore 
c = A D i w hich wo deduce the following ; — Tho velocity corresponding to any spaco 

P A is proportional to the sine A D of tho arc answering to tho versed sine P A to radius C P. 

To jind an expression for the time , — Taking the expression ds = c ,<//, which, as the velocity 

increases as the space diminishes, becomes — ds = v.dt, — — = dt - y/ — - — - ./ 8 . 

p m.j v* J “ c) 

Take * to represent the arc P D, 


,j{(? — «*) : a : : — 


VC 11 ' — **) 


Therefore d t = — • y/ . Integrating, t = - y/ ~ y/ -d— 
a m.f a m.f PC m.f 

P D B / / /l 

when A C = 0, t = -x-rr- w — , = i w v — - . This is therefore an expression for the time in 
PC tn.f m.f 1 


for when f=0,* = 0; 


a semi-cycloidal arc, and * VJL for the full arc of vibration. I being the length of the semi-arc 

of vibration, and consequently the iength of the pendulum ; / being the representative of the force at 
a given distance / from the centre of force, and m being the representative of the unit of force, 

- is assumed as constant, the coefficient J v is also constant ; therefore t is constant for all 

m • / 

the variable ares represented by s. And this is supposed to prove the isoehronism of vibration in 
the curve, m f expresses the intensity of force at the vertical point of the curve, which onuses tho 
pendulum to descend along the curve estimated at a distance from tho centre of force = /, tho 
length of the line of descent ; but wheu referred to the descent through the length of the pendulum 
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from the point of vibration to the vertex, we must call it 2 /, according to tho conventional rule, 

therefore the time of vibration at—. 

* 3 

Wo shall now find an expression for the time in the arc of vibration of tho circular pendulum, 
in order to compare it with the expression first found, and thus ascertain the limit of the error 
involved in substituting the circular for the cycloidal pendulum. Hut we are sorry to say that m.f 
will turn out to lx? our old friend g in a perfectly now disguise, for there is something mean 
in his insinuating himself into an experiment intended to 

test his own value. 3358. 



dy = } (2 /x-i*)-*.d(2 Ix-x'X d(2/x-x*) = 2/.dx-2xdx =(< — x)2dx, 

f, = K»i— «V» ** = • 


P.dx* l.dx 

=(27rr?j- vw+«x-) = — 7 — , d.= 


l.dx 


VC tlx-* 1 )’ 


— Idx 


and because » diminishes as tho time augments, d 9 = —r- -- — . Substituting this value in 

l i 1 . ^ iX 

the equation /a , = d f, - - * » ri = dt. In order to obtain an ex- 

V2/(6-x) V 1(2 lx->x*). 2/(6- x)} 

pression for the time it only remains to integrate the first term of the aliovc equation, 


-l.dx 


Vi 2/(6-*). (2/*-**) 
Therefore tho expression bocomee 
/ -dx 


, (6 — x)x = 4.x— X*, — 

~ dx —(21-xyi, 


■ = 2l~x. 


I>x-X’)(2l-X) ^2/V(4x-x») 1 

V*/(4 — x).(2/x — x>) 2 v 2/ 22 ( t 2.4 4/» 




The question therefore resolves itself into the integration of a series of terms of tho form 
* X - , which, taking 6 = 2 a, becomes - ' x 


V (6 * — **) * 

dx 


V (2 a * — **) 


V(2 ox — **) a 


= - . verein. - 1 * to radius a. 


1 

P x.dx P a.dx — xdx , p dx „„ , (' dx 

J ,/(2 a x — x*) ~ J V(2«x-x*) + “J _,/( * ) + “J ■>* - *0 ' 

J ^/ax- - ^) = /* t ( 2a “*)”* rf * = ** < V(S«-*) + 8/ x } V(2a-i)dx, 


but x'^ V(2 a — x) d x. 
Multiply and divide by x* (2 a —x) j 


V(2 a x — **) V(2 a x — x a ) ’ 
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p, **<• c „* xda jt -»r 

J J(2 iix-x 1 ) J JClox — x*) J V(- “'-'J 

/ x 3 <1 x (* x .d x 

2x(2<jx-x») + 3.2.<iJ 

f x*rf* . .. ■ 3- 2 .ii f* xtfx 

J ^/(2ux-x>) _ aZ X) * J «/C* 

= /V*.(2o - X)- Kdx = 2 X* V(2“ - -0 + 5./ x! VC2« - ^)Ji, 

, J v(2 u x — x l ) •' ^ 

but x$ V(2 a — x)dx. 

i 2 ax* ,dx x*dx 

Multiply slid divide by x» J(2 a - x) = y (2 ,7-^55 - ^77^) ’ 

/ x*rfx /' x*. dx t r x*.d x 

V(2ax-x*) = 2 ' c5V(2aX “ X,) + 5 ' 2 * a J VC^x-x^-’J V(2a^-^)' 

6 /^^ = 2 ^^ (2ax - x ' ) + 5 - 2a /7^^0’ 

We find therefore that 

f" _ — — — - = -.vorsin.-' x to radius a, f-7pr— - — r. = v'( 2ax-i, )+ u | -xr ’ 

J « J V(2«x-x>) vv J 

J t /( i »-- 7 ) = * *<»«* - **> + — J 73 ^=^’ 

r x* . rf x _ . . 5.2.« r ^d-r 

J JClax-x') i* ax >+ 6 J^ax-x')' 


This will be sufficient to show the law of the series, and substituting ft for 2 a, we have 

A /(6x-x>) + * 


jjQx 


— - = ? vcrsin.-i x to radius ^ . 

-X s ) ft * 


/iT&j = ' /(4x - I,) + if; jlTx~ 


**)’ 


r x*dx 

J J(!>x -*■)” 


xdx 


:ix*^(6x-x>) + 


. 6 r x’dx 

J J V ( 4 *~ 


•r 5 ) 


It will bo evident that at the commencement of the arc of vibration the time must equal 0, 
<,X = t, for R — cos. = verein., cos. 180° = - I. 


therefore 


when x = ft, J 


’ I J(bx - X s ) 


It = 1 

cos. 180 = - 1 


r xdi 
J(bx- 


x*) “ 2 * 


2 = verain. 180°. 

2 verain. - 1 ft to radius ^ = w, 

/ **dx _ 1.8. ft* T x^d. 

^(ftx-x*) 2.4 ’’ 


_ 1.3.5ft 3 
x>) “ 2.4.6 '■ 


It will be evident that when x = ft all terms containing (ft x — x*) as a factor vanish. 
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It will therefore be evident that integrating between x = b and x — 0, and substituting the 

values of the above integrals in the aeries, I — - -- — /j 4- ^ — 4 - * . x '‘ . . . wo 

2 v 2/*/(‘*-x*)r 2 2/ T 2.4 41* /’ 

1 / l ( 1* 6 I s 3* &* 1* 3 3 53 fc* 1 

s elt= V V if \ 1 + v'Ti + FT' TP + riu? • sis — / • This eIpre> “' ! th0 ,imo of 

descent through half tho am of vibration, but with tho velocity acquired during tho descent tho 
pendulum would proceed along an equal braneli of the curve, its velocity being supposed to bo 
extinguished after a lapao of timo equal to tho time of descent; thoreforo tho time of a complete 

/ l l 1*6 1*3* 6* 1*3* *»*6* \ 

vibration will be expreaaed by I = v V ^ {l + jj • r< + ~ ^ -gTS---)- 

Therefore, upon tlio supposition that the timo of vibration in the cycloidal arc is expressed by 
t =. w . y/ — , it will appear that the error incurred by substituting tho circular for tho cycloidal 

pe ndulum is expressed by a series of the powers of the vorsin. of tho same angular value as tho arc of 
vibration, having unity for its radius. It is argued that as the verainea of smull angles arc exceed- 
ingly minute, the aeries will converge rapidly, and tho error may be neglected in practice ; or at 
least all the terms but the first or second may be neglected, and corrections applied accordingly. 


Assuming therefore that the circular pendulum may be substituted for the cycloidal pendulum, 
without producing sensible error, and taking the equation »*. a = d, 3' 14159* = ir* = 9*8696, 
9‘8696<i = d. It lias been found by experiment that the length of a pendulum vibrating seconds 
in the latitude of London = 39* 125. Tho length of tho cycloidal pendulum is equal to twice tho 
diameter of tho generating circle, therefore 39 ‘125 = 2. a, 19‘562 = a, 9*8696x 19*502 = 193*0623, 
193 0023 in. = 10*088 ft. It will therefore be evident that tho valuo given to d, from which tho 
valuo of g is supposcnl to bo derived, dejiciids upon the length of a pendulum vibrating seconds in 
a particular latitudu, in a circular arc which is assumed to be a cycloidal arc, because it is very 
small, aud this is to be ascertained by experiment. This is the experiment which is generally 
mysteriously alluded to in the following words ; — 

‘*It has been ascertained by accurate experiments with tho pendulum and by other means, that 
in the latitude of London a heavy body falling freely from a state of rest will describe a spore of 
10^ ft. during the first second of tho descent, and will have generated a velocity of 32£ ft. 
a second, " Ac., Ac. 


The method of determining the space descended during ono second, said to have been suggested 
by <ialileo by means of experiments with reference to the descent of bodies upon inclined planes, 
in consequence of the friction on the planca lead to no practically useful results. 

The experiments made by means of Atwood's machine, a description of which will be found 
p. 7, are not sufficiently accurate for practical purposes. 

We have gono into detail with reference to tho apparent mixture of reasoning and arbitrary 
assumption upon which the laws of gravity seem to be founded, for it is upon the validity of these 
laws that tho whole theory of gunnery as it now stands depends. If there is a flaw in this line of 
argument we should fail in Arriving at practically useful results, even though we should be suc- 
cessful in determining accurately the law of resistance of tho air to a body moving through it, to which 
point alone attention appears to be at present directed. Wo shall now exhibit os shortly as jioasible 
tho moat important of tho principles wnich are supposed to constitute tho present system of gunnery. 

If a body be projected with a given velocity in a given direction from any given point of 
departure, it is considered that tho uody, if uniufluenml by any disturbing force, will proceed 
continually in tho given direction with a uniform velocity equal to the initial velocity originally 
impressed upon it. Tho velocity being uniform, tho spaces descriUsl on tho line of direction will 
be proportional to the times. According to the conventional rule, the spaces described by a heavy 
body subject to the attractive force of gravity upon a line 
perpendicular to the horizon are proportional to the squares 33&D. 

of the times. Admitting the above statements as true, 
and combining them together, we are in a position to define 
the curve of trajectory. 

Amongst tho properties of tho common parabola wo 
find the following; — 1. Tho ordinates to all diameters are 
parallel to the tangent at tho vertex. 2. The abscisses 
are proportional to tho squares of the scmi-ordinates. 

If therefore we take PB a diameter of any parabola, 
of which A, Fig. 3359, is tho vertex, A C the axis, F 1) 
tho directrix, $ tho focus, up* : fl'p 1 * :: Pa : Pa'; and 
completing the parallelograms we havo 

Pm* I Pm 1 limp I mp. 

If therefore we take P m and P m' to represent the spaces 
which would be described with a uniform velocity on tho 
taugential line during any given times of the transit t and 
t\ m p and m' p' will evidently represent the spaces duo to 
tho action of gravity during the same timo; therefore p 
and p' will represent tho position of the projectile at the 
end of tho times t ami and as this will hole! good for all 
distances which may bo assumed on the tangential line, wo conclude that tho trajectory of tho 
projectile, when subject only to the influence of the prn]>eLling force and the force of gravity, is the 
parabolic curve. 
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According to the laws of gravity, a body in ita descent through any vertical distance will gene- 
rate a velocity which, acting uniformly, would cause the same body to dcseribo a distance equal to 
double the apace dearended in a time equal to the time of descent. The height due to any 
velocity is therefore taken aa the exponent or measure of the initial velocity equal to the velocity 
generated. 

Take the vertical line C P to represent tho height duo to any given initial velocity. The hori- 
zontal line C G, Fig. 3)160, through the point 0 at right angles to the line 0 P will be the directrix ; 
tho semicircle CHI) described with radius C P from centre P will be the locus of the foci; and 
the semi-ellipse CEP upon 0 P as conjugate axis, and of which the transverse is double the con- 
jugate, the locus of the vertices of all the parabola? representing the trajectories of a projectilo 
impressed with the given initial velocity at tho point P whatever may be the original direction given 




to tho projectile. And, lastly, tho parabolic curve CS described with focus P, and directrix l) F, 
vertex C, will be tho locus of the extremities of the greatest ranges attained with the given initial 
velocity. These points are proved as follows ; — 

1. The horizontal lino C(J through tlio point C will be tho directrix. Take P6, Fig. 3361, 
to represent the tangential line of direction Pr equal to CP, and complete the parallelogram 
P6.Qc, CP = Pc = 6Q; therefore P6 represents the s|ioce described in the tangential 
direction with a uniform velocity cqnal the initial velocity impressed in the time during 
which the initial velocity has been generated by the descent through 0 P = 6 Q. Therefore, 
according to the conventional rule, P 6 = 2 O P, Q b s= 2 P t>, Qb* = 4Pc*:=4Pb.CP, 
Q c* 

— — — = C P. Take P A Q to represent the curve of trajectory corresponding to the tangential 
4 re 

direction P6, 8 the focus, A the vertex. Let 8 Y be a perpendicular to the tangent P b, and 
join 8 P. It will be evident that if it cau be shown that 8 P is equal to C P (for which we have 
already obtained an expression), tho proposition will be proved, as tho perpendicular from tho 
point P in tho curve upon the horizontal line CG will be equal to the distance of the same point 1* 
from the focus, which is a property of the parabolic curve. 

The tangent at tho vertex A is perpendicular to the axis A M, and the perpendicular from tho 
focus 8 upon the tangent at the point P is a mean proportional between 8 P and 8 A ; therefore 
the right-angled triangles 8 P Y and SAY are similar. 

The right-angled triangles SAY.SmY are similar, having a common angle at Y. The right- 
angled triangles SmY.SQO are similar, having a common angle at 8. The right-angled triangles 
BQO.QDr are similar, having n common angle at Q ; therefore the triangles 8 P Y and Q D v 
are similar, and Q r* : QD* :: SP* *. BY'; but 8 Y* = 8 P . 8 A, .. Qr* : QD* :: 8P : BA. 

The right-angled triangles QDc and P M T are similar, the opposite angles c and T in the 
parallelogram P v T 8 being equal, therefore 

qd : Dt> :: pm : mt 

:: pm* : pm.mt. 

Substituting 4 A 8 . A M for P M*, and 2 A M for M T, we liave 

QD : D« :: 4*A8.AM : PM.2 AM 
:: 4A8 : 2PM ; 

therefore 4 A8.De = 2PM. QD. PM* = 4A8.AM, QN* = 4AS.AN. 

PM 1 — QN* = 4A8. AM -4A8.AN = 4 AS(AM-AN) = 4 A8.MN =4 AS. DP, 

P M* — Q N* = (PM + QN) (PM - QN), but PM + QN = Q D; 

P M* - Q N* = (P M - QN) Q D. 

4AS.DP = PM* — QN* s (PM-QN)QD, 4 A8.DP = (PM - QN) QD. 
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Subtracting thin equation from the equation 4 AB.Dp = 2PM.QD, 

4A8.D® = 21'M.QD 

4 A S.1U' = 0* M - tt N) Q D 

4A8.P» = (1’M + (JS)QD = QD> 

4 AS. Te = Cl IS. 

Substituting tbia value for Q D’ In thu proportion Q e> : Q D* : : S P : S A, we have 
Qn*:4A8.r®::BP:AS, Qt* = 48P.Pr, 4 -p B = SP, CP = ^i = 8P: 


therefore C F = 8 P, and consequently the line CO is the directrix of the parabola; and aa this 
will hold good whatever direction the tangential line P6 may take, the proposition is proved. 

2. The semicircle C II It descriljed with radius C B from centre P will be the locus of the foci. 
This follows us a corollary to the former proposition; for the foci being always at a distance from 
the point 1‘ in the curve equal to the perpendicular upon the directrix from the same point, the 
foci must necessarily lie in the periphery of the semicircle described with P as a centre and C P as 
radius. 

3. The mml-ellipm C K P, Fig. 33*52, upon C P as conjugate axis, and of which the transverse 
is double the conjugate, is the locus of the vertices; bisect C P in I, with I as centre and a distance 
equal C P as radius describe the semicircle K E L. m'e ; m'n' 1! IC M E " 1 5 2, •* n “ 2m r, 

TO ' c = v n\ ran = m m m c= m' b, .*. tn' n = b n', m' v — m' » = v »' — 6 n', n r = c b ; and as 


CO is the directrix and n the 
focus, c must evidently be the 
vertex ; and as this w ill hold 
good for uny other point in the 
periphery of the semicircle 
CHB, which may be assumed 
ns the faeUB of the curve of 
trajectory, the proposition is 
proved. 

4. The parabolic curve C8, 
Fig. 3963, described with focus 
P and directrix D F, vertex G, 
will lie the locus of the extre- 
mities of the greatest ranges 
attained with the given initial 
velocity. 

It has been already shown 
that the semicircle G m B de- 
scribed with G P ns radius and 
P as centre is the locus of the 



3303. 



foci of all the parabola) representing the trajectory of a projectile discharged from the point P 
with the initial velocity represented by the descent through G P. 

Let m lx? the focus of any one of these paralxdte ; join P m, and produce the connecting line to 
meet the parabola G 8 in p, and draw p p' perpendicular to D F ; then, as D F is the directrix 
and P the focus of the parabola C B, Pp = pp ' ; but Pm a PC = CD = p'm'; therefore 


P p — p m = p p’ — p’ m\ mp = pm'. 


Therefore, as it has been shown that CG is the directrix of the parabola of which m is the 
focus, p must be a point in the curve of that parabola; and since the tangent of such parabola as 
well us the tangent of the paraliola C 8 at the common point p bisect the same angle r p p\ they 
must coincide. Consequently the two pand)ol(» having a common tangent at the point p touch 
each other at that point; und as this is true for every point in the semicircle Cm B, it follows 
that the curves of all the trajectories of a projectile discharged w ith the given velocity from the 
point P will touch the concavity of the parabola C8, nml lie wholly within it No point without 
the parabola C8 can be struck while the initial velocity remains unchanged: for if the elevation 
lie increased, the focus of the parabola which the body would describe will be on the portion Cm of 
the circumference of the semicircle Cm B, and the trajectory will 
touch the parabola CS in some point between C and p, and being 
wholly within the parnboln CH, it must intersect the line P p in 
•rune point nearer to the initial point P than p. If tho elevation 
be diminished, the curve of trajectory will touch the parabola CS 
in some point below p t and will therefore intersect Pp in some 
point nearer to P than />. 

The times of describing any given portions V p.pp" of tho 
curvo are as the corresponding parts Pm. mm'. Fig. 33*54, of 
the tangent or the intercepted parts Cf./fof the directrix: 
for according to the original supposition <.Pp = f.Pm and 
tpp' = tmm’; and because the directrix cuts tho three parallels 
PC.pw.p’a'i Pm : »m* 22 C/ I //*. So far the subject may 
be most clearly illustrated under the form of geometrical rea- 
soning ; but in order to deduce practical formula) adapted to 
actual calculation and comparison, we must again avail ourselves 
of the facilities afforded by the rudimental portion of the differential and integral calculus ; for 
independently of the necessity of constructing algebraical formula) adapted to practical purposes, a 
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process of reasoning and a consequent result can be thus exhibited under the form of a few well- 
known ny minds, which would require pages of geometrical reasoning to demonstrate. 

Take the parabolic curve A 1) K, Fig. 3305, of which A K is the base and I) B the axia, to 
represent the trajectory of a shot discharged from the point A with a given initial velocity. Let 
the ordinate M P 1 m? perpendicular to the horizontal base A K, M T b tangent to the curve at the 
jM<int M. Take M P = y, A P ss x, and A the origin of the coordinates. From any point It in 
the ordinate M P draw the perpendicular HS to the tangent M T ; draw ItT perpendicular to the 
ordinate to meet the tangent in T, the triangle M T It may bo taken to represent the differential 
triangle. Then the force / in the direction M P is to the effect in the direction ItS perpendicular 
to the tangent ns MR : RS; or, by similar triangles, as 31 T : TK :: dz : dx; therefore 

— / will express the force in a direction perpendicular to tho tangent. Tuke C M to represent 


the radius of curvature at the point M, and let CM = r; then, ns C M l M T as the differential of 
the c ire (liar nrc described with C M as radius is to tho differential of the circular arc described 

with M T as radius, we have r l dz " d z l — ; but the differential of the arc described with 


BIT as radius may bo taken as representing the second differential of the are described with CM 

(/ * 

as radius; wo may therefore assume d 1 z = • Taking the original equations dv = f dt. 



dz =v.dt, differentiating the last expression upon tho supposition that dt is constant, wo get 
d* z — dv.dt; sulwtituting value for dr, <Pt ami substituting value for /, so as to 

render tho expression applicable to the present case, <Pz = / dP, — fdp — d 1 z = — , 

dxfdP = — , d z — r d t, d z* = t* d P ; therefore f d x r — v 1 d z, We shall now find a value for r 

applicable to the present case. Take DM = r the radius of curvature at the point 31 of the curve 
A Si N, Fig. 8886, 3! T the tangent at the same point, C 31 the radius Vector = »/, C 8 a perpen- 
dicular upon the tangent from the centre 0 = 8; the lines $ and r will evidently remain fiamllel for 
every point in the curve. Take d z to represent the differential of the circular arc described with 
radius r, and ds the differential of the circular are described with radius 31 8; D 31 : 31 8 :: dz : dz. 
Take 31 T R to represent the differential triangle, 31 8 I 31 C ; : 31 It : MT, Therefore we have 


31 8 J y 1 1 d y : d x. Compounding, r l y ll dy l da, r . d a — y . d y, ~ = ; 

dy d $ 

T 31 : T R : : C M : C 8, d z l dx ll y l z, d z. z = dx .y. Considering the lines of attraction 
parallel is equivalent to considering the cento- of force C removed to an infinite distance, and conse- 
quently the radii vectors represented byy infinite, and consequently constant upon the supposition 
that the velocity in the direction of tho curve is uniformly variable, and consequently d z propor- 
tional to the equal increments of time, d z may also Is? taken as constant. Differentiating under these 
. , , „ dz y r y dz dy.dz 

conditions, we have dt .dz = d*xy, —— = V » 3 - = 4- = nr- , r = — . Therefore the 

(Px da dy ds d* x tPx 

AmmKmI r A * m — mZ Am / A . _ -! A . / A ^ A. . _ -» ll.ia ik. 


Therefore the 


equation f dx r = t >*. d z becomes f dx - 


: v*.dz,f.dx.dy = c *d a x. Comparing this with tho 


equation — f d y = v.dv already established, and eliminating f, we get T ' = / = — — , 

dx.dy ay 

r.-/*x = -(/r.rfx, v.d*x + dt).dx = 0. Integrating, ® .dx — C, which we may put in the 
form v .dx = A .d z,d z having been treated as a constant during the investigation. 

If we take w to represent the angle at the origin when the co-ordinate are rectangular, we 
evidently have the following proportion, cos. w : 1 ;; dx l dz, cos. >c ,d z = dx. Taking c to 
represent the initial velocity, c.cos. xc.dz = C, r.dx = c.cos. w.rfx. Comparing this with 
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d e = v ,d t f wo got dx = c.cos. »r.df; and integrating, x — c.oos. w.f, - 


• = t. Tako 


sin. » = r», coe. v = b, — - = t, • - = <*. 

c.6 c’.fc* 

Produce the ordinate M P, Fig. 33fi7, to moot the tangent A E in E. E M will evidently repre- 
sent the descent duo to the attraction during the transit of a projectile discharged from the initial 
point A along the tangential line A E to tho point E. 

In finding an expression for M P = y in terms of 33*T. 

A P as x and known quantities, we might have some 
difficulty in reducing our form ulus to manageable 
dimensions; but our familiar spirit g comes to our 
assistance in his character of 2 . */, assuming for tho 
time the title of his progenitor, and all the difficulties 
at once disappear, for according to the conventional 
rules if a = c 3 ; and taking d to represent the descent 
during tho first second, id not only represents tho 
generated velocity at the end of the first second, but 
also upon all other occasions the quantity indicated 
by f. Substituting 2 d for /, 2 . 2 . </. a ~ r®, 4 da s= r*. 

Taking / to represent the height duo to tho initial 
velocity c, we get 4 .d.l = c*. 

If we take t to represent tho tirao of the transit from A to E and the contemporaneous descent 
through E M, and referring to tho law that “ tho space# are as the squures of the times,'* 

i : i* : : <i : e m. 



Substituting valuo for t\ 1 l I • d 


EM, 


:EM; b l a l : x 


EP, ^ = EP; 


IEP-EM] = IIP = , = ^ 

0 


rfx» 


Sultttituting value for c*, y = - . It will bo evident that when y becomes 0, x will 

represent tho horizontal range, and , 4 a 6 1 = x. 

To find the value of x corresponding to the maximum valuo of y, or highest point of tho 
. . . x „ <*dx ixdx adx 2 x.dx „ , . 

trajectory, we must evidently make dy = 0, 0 = — — » — r— = - ■ t ■ , 2« .6 . I = x; 

0 ilb* b 4 1 Ir 

x is therefore in this cose equal to half the range. Substituting this value for x in tho equation 

y = ^ — 77 X 5 , we get DB = — - — — - * ' — 2a 5 / — a* / = a* /. This is therefore U»o valuo 
b 4 lb* b 4 i.o* 

for the ordinate of the highest point of the trajectory. As sin. 2 . «? = 2 .a .b, and as 2 / represents 
tho initial velocity, sud ia.b.t = 2ab.2l represents the range, it will he evident that the hori- 
zontal ranges with tho nmo projectile vehxdty are as the sines of an angle equal to twice the angle 
of elevation. Hie horizontal range will bo greatest with a given projectile force when the angle of 
elevation is 45°; for in this ease a = b, and their product in the equation la.i.lsr will be a 
maximum. Also all ranges obtained nt elevations at oqnnl angles above or below 45° are equal ; 
for the sine in one case becomes the cosine in the other, and vice rer.w. Oblique ranges (that is, 
when the object is above or below the level of tho battery) may be obtained as follows ; — 

Take / to represent the bin guilt and » the secant of the angle of elevation, t' the tangent of tho 
angle of elevathn or depression of the object above or below the level of the battery, 

1 ! f !! x ! jisl'.r. 

(living this value to y in the equation y = — — * — , wc get 


ax x* ( a x a lx 

T “ 4 / 7 S* ’ ±<= i - 4775 * ~ i ~ V Ti 


a 

b 


t. 


IP 


± t‘ = t - tP 


it 


*47 = ** f ' 


M=M'} 


id 


This lias all come out veiy smoothly and easily, thanks to the kind assistance of our unalterable 
friend g ; and it would be quite satisfactory, but provokingly enough the shot and shells will not con- 
form to the theory ; on the contrary, when they ought to go about twenty miles they collapse, and 
come to a stop at about a tenth of the distance. This is, to say the least of it, very annoying, after, 
nil the trouble we Imvo had in deducing the formula). SVe try to comfort oursidvea by saying it is 
all in the air, and if there was no atmosphere it would be nil right. Hut no one who haa ever 
thrown a stone or shot with n bow and arrow can look at tho last figure, or consider tho calculation 
showing that the highest point of the trajectory i« over tho centre point of the range, without the 
convictiun forcing itself upon him that whatever the curve of tho trajectory may be, that is uot it 
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It is true that wo do not as a rule throw atones or practise archery in vacuo : but there ia an instinct 
more reliable than abstract reasoning which tells us that, oven leaving out the consideration of the 
resistance of the air, the true curve should bear a greater analogy to the observable trajectory in 
natura than the one exhibited to us under the influence of g % who, like all familiar spirits, has the 
power of making all things easy and pleasant for the present, but can only bring us to infinite 
trouble and error at the end. This ia the theory of the trajectory of projectiles in vacuo, founded 
upon the laws of gravity, which has been so long received with implicit faith, and only considered 
inapplicable in practice because tho true correction for the resistance of the air has not as yet been 
discovered. 

We shall now consider tho theorv proposed with reference to tho resistance of the air, and in 
the first place wo shall say a few words on the subject of what is commonly called terminal velocity. 
Upon tho supposition that q (the force of gravity, as it is called) remains constant and never changes 
during tho descent of a falling body, although tho force of resistance is supposed to augment by 
successive increments at the end of equal intervals of time, it is assumed that if the descent is con- 
tinued long enough there must arrive a period at which the aggregate of all the increments of 
resistance shall equal tho force of gravity or g. But it is also sup]Kwed that tho velocity has gone 
on constantly increasing during the descent ; therefore it is again assumed that at the moment tho 
force of gravity is neutralized by the generated resistance, the greatest velocity attainable by the 
falling bodyunust have been reachod. It is then generally stated that from that moment the body 
will continuo to descend with a uniform velocity equal to the velocity attained. But this is diffi- 
cult to understand, for the supposition seems to be that at some particular moment of the descent 
the constantly accumulating force of rosistnneo has reached a degree of intensity which will com- 
pensate the impulse of attraction received by the falling body at that moment. 

It would therefore seem that there was no further cause for the descent ; for, according to the 
original supposition, in order to reoeive another impulse of attraction the body should descend 
during another second of time. But even supposing the possibility of the descent during the suc- 
ceeding second, the body would then only descend with a constantly augmenting velocity till tho 
impulsive force was again compensated ' by the resistance. But in order to support the supposition 
that the velocity is a constantly augmenting velocity, we must also suppose that the successive 
increments of velocity exceed the corresponding increments of resistance, otherwise it would bo 
either a uniform velocity or else a constantly diminishing velocity. But, on tho other hand, unless 
we suppose that the increments of resistance successively exceed tho corresponding increments of 
velocity, we cannot establish our right to suppose that a period of the descent must arrive when 
the aggregate of the differences of the increments shall compensate the original balance to tho 
credit of the velocity represented by g. But tho whole matter has been rendered so intricate by 
the anomalous assumption that the velocity increases while the forco of which it is the exponent 
remains constant, that it is impossible to deal with it according to the usual course of argument : 
and as our present object is simply to exhibit the theory with relation to the correction to be applied 
for the resistance of the air as it stands at present, we must only assume tho genermlly-reeeivea sup- 
position that when the resistance has become equal to the force of gravity ( g ) the falling body will 
have attained its greatest velocity, merely remarking, as we pass on, that we have arrived at this 
conclusion by supposing an absurdity. 

Take R to represent the resistance: then, according to the generally-received doctrine, when a 
falling body bos attained its greatest velocity in a resisting medium R = g. Referring to tho 

equations dv = f.dt; ds = v.dt; ~ = dt = — ; f.ds = v.d c. Integrating upon the supposition 

f v 

that / is constant, 2 . j ./ = e*. / ia in this case a constant quantity and is expressed by g. Taking 
r to represent 2 s and substituting, wo have r# = e*; $ == — ; B = <7 = — . 


We have thus obtained an expression for tho resistance in terms of the velocity and the spneo 
through which tho body has descended in generating the greatest velocity attainable in the 
medium through which it moves. But it will be observed that this expression has been obtained 
by tho adoption of the conventional rules, that in the first place / is invariable, and in tho 
second that during the descent the spaces arc proportional to the squares of the velocities. It is 
generally supposed that during the movement of a body through a resisting medium, the resistance 
acts only ou the line of motion, any lateral pressure or action being eomjM tisated or neutralized by 
a corresponding action in the contrary direction. Assuming this supposition to be correct, we shall 
have only to consider the action of the resisting force on tho line of Direction of tho moving body. 

Take tho ordinates of the curve A M, Fig. 33C8, to represent the successive measure* of the 
motive force, while the corresponding ordinates of another curve A X represent the successive 
measures of the forco of resistance, the abscissa A P expressing the time from the commencement 
of the motion. It will be evident that the ana A M P expresses the sum of all the motive forces 
during the time represented by the abscissa A P : also that the area A N P expresses the sum of all 
the forces of resistance fmm the beginning of the motion during the same time. It follows that tho 
difference represented by tho area AMN will express the intensity of the force which generates 
the actual velocity of a body moving in a resisting medium. 

Take y to represent tho variable ordinate of the curve A M and y' tho ordinate of tho curve 
A N, x tho abscissa, a the area enclosed by the curve and ordinates x . y, and a* the area enclosed 
by tho curve and ordinates .r'.y'. Taking the common expression for the differential of an area 
bounded by a curve related to reclangular coordinates, 

rfa = y.</x, da'=i/.dx f da — da' = { y — y' J .dx. 

Consequently the differential of tho velocity of a body moving throngh a resisting modiura is equal 
to the product of the difference of tho measure of the motive forco and tho resistance, and the 
differential of the timo elapsed, dv = {/ — Rj.d/. 
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Take C, ig. 3369, the centre of force ; C M = y, the radius vector ; C S = a perpendicular 
from the centre upon the tangent at uny point M of the curve A M ; T M It, the differential 
triangle, whose aidea inny bo 

considered as mu util as wo 33**. ^ at. 

please. The force in tho , 

direction C M is to the force S. 

in the direction of the ton- 

gent as C M : M B. But / ^ »- • X. 

T M : M it : : c M : M s, / N \ \ 

d* : dy :: / : there- / 

d V 1 / 

fore ~ ./exprcwea the foree — " R 

in the direction of the tan- < 

gent. Substituting this value for / in the equation \ ^ 

dt = {/ _ RJ .dt, / 

we get </c = |j^/— It| . tf < ; but dz -v.dt\ ~ = dt. Buie }- 

stituting this value for d t, e .dv s= dy ./ — It .d*. We shall 

now apply this formula to the descent of a falling body. It will l>o evident that in this case z = y, 
ami it lias been shown that It = — = /. We shall also, in order to simplify the calculation, tako 

r* 

/ equal to unity ; g in this case representing /. Therefore - = g = 1 ; r = c*. Making these 

pi p pi 

substitutions, the expression r .da = dy ./ — R.tfr becomes r .dt = dy — •— dy = — - — dy; 

— — - -J - dy. Therefore y ~ ~ \ r ^°S*( r — r*) + C. But when y = 0, c = 0; 

therefore C = ^ r log. r, and the corrected integral is 

1 ^ 1 , 1, r 2 m, r 

y = - g r ,0 * ( r - ®0 + 2 r lo s* r = 2 r ,0 *»' r ~_^ 5 — = i°s- • 

2 v 

Take v to represent tho number whose log. is — - 1 

q — — - — - ; o.r — o . p* = r; r - r* = *- ; r— — = ©*; (7 — 1 ) - = c* ; \/ |(o— 1) - > = c. 

r — ®* 7 7 7 l 7 ; 

Wc have thus obtained the value of c in terms of y and r. 

Taking the equation ds^v.dt, and substituting dy for dz, wo get dy ss v.dt; but 

r.p.rfc . r.v.dr . r.dv { r.dv . . - . . 

dy s — : r , d t = d v ss r- : dt — — • ; f = | ; • " e have taken q equal to 

9 r-t*’ J r-t* r-r* J r ~ B 

unity, and it has boon already shown that under this supposition r — c 5 . When v is the greatest 
velocity attainable, take <1 to represent this velocity, which must evidently be represented by a 0011- 

r.rfe a 1 dv 

stant quantity r = a 1 . Substituting this value, the equation d t — ^ becomes d t ss — — ~ ; 

. r dv .1 , „ a -f c 1 , _ « *f r 1 f, n . , « + tl 

tma J «T^i = 0*2 o J°g. c — == ^ a ^,0 — * g a {log. C + log. —}• 

When t = 0, v = 0; therefore log. = log. 1=0; therefore log. C = 0, and the corrected 

a — 0 


. . ... 1 . o + r 

integral t = - a log. . 

We have thus obtained the time of descent of a falling body through a resisting medium in 
terms of a and r, which as r = a 1 amounts to the same as obtaining it in terms of r ami c. t has 
been already obtained in terms of y and r. y is a known quantity, being the distance descended 
by the falling body. If therefore we can assign a value to r the problem will be solved and the 
time of deeoent known. But here again we uru led into the region of conjecture and supposition, 
and find ourselves still under tho influence of a. And therefore however sound or ingenious the 
reasoning may be, if our faith in 7 is shaken, or if wc arc not fully satisfied with the suppositions upon 
which the premises are founded, we must necessarily lie sceptical as to the conclusions arrived at. 
Admitting the nssumptiou that at the moment at which the greatest velocity is attained by a falling 
body in a resisting medium, the motive force which causes tho body to descend must bo equal to the 
force of resistance. Then if wo can find expressions for both these forces and equate them together, 
wo may arrive at the valuo of r, which expresses a uniform velocity, representing the greatest 
velocity, or, according to the conventional rule, twice the height due to the greatest velocity. 

Bo far wo have only considered abstractedly the attractive force which causes a particle of 
matter to descend ; but now, when wc arc about to deduce a formula adapted to pructicnl applica- 
tion, we must admit the considerations of form and relative density or specific gravity. The fluid 
with which we have to deal in matters relating to gunnery is the air, and therefore we may con- 
sider the specific gravity of the fluid as constant upon all occasions, and represent it by ». The 

5 u 
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specific gravity of tho falling body depends upon tho material of which it ia composed, bnt what- 
ever that may bo we shall represent it by N. 

As we only propose to carry the present investigation bo for ns may enable us to test tho truth of 
our theories by experiments upon falling bodies, we shall suppose tho form of the falling body to be 

spherical. Take d to represent the diameter of tho sphere, then tho solid contents will be - wt/*. 

♦> 

As we arc about to institute a conii>nrison between the motive force and the generated resistance, 
and os no resistance can be generated till motion takes place, it would be natural to suppose that 

- Hip'S would bo taken to express tho initial motive force; but on tho contrary, </*(N — w) 

appears to be generally taken to express the motive force, assuming an initial resistance which 
seems to be an absurdity. 

The expression for the force of resistance is generally arrived at as follows; — Tho resistance is 
supposed to vary in proportion to tho number of particles which strike a plane moving through the 
fluid iu any given time multiplied into the forco with which each particle respectively strikes tho 
plane; but both the number of particles which strike the plane during any given time, as well os 
the force of each purtiele respectively, must lie proportional to the velocity with which the plane is 
moving through the fluid ; therefore it is concluded that the resistance is proportional to the square 
of the velocity. It is evidently considered that in arriving at this conclusion it is a sufficiently 
close approximation for practical purposes to suppose that the action of each jiartiele ceases imme- 
diately upon impact with the plane, or, in other words, that the medium through which the plauo 
passes is discontinued. It ia supposed by Sir Lsanc Newton that in continued media, as air, water, 
hot oil, quicksilver, Ac., a body as it pa^cs through them does not immediately strike against all 
the particles of tho fluid that generate the resistance mado to it, but presses only tho particles that 
lio next to it, which press the jiarticlcs beyond, which press other particles, and so on. It is assumed 
that the resistance to a plain- moving perpendicularly through an infinite fluid at rest is equal to 
tlm force of the fluid on the plane at rest, upon the supposition that the fluid moves with the satuo 
velocity as the plane was Hupjxwcd to move with in the first instance, but in a contrary direction. 
It is also *ii p | >oki <1 that the force of the fluid in motion is equal to the pressure which causes or 
generates the motion. If therefore we can find an expression for the pressure of an infinite fluid 
upon a plane at rest of given dimensions in terms of the velocity of the fluid and known quantities, 
we can find nn expression for tho resistance of the fluid at rest to a plane of the same dimensions 
moving with the same velocity. With reference to this matter there apjiear to be different theories ; 
but assuming for the present that tho pressure of a fluid upon a given plane ia equal to the weight 
or pressure of a column of the fluid, the base of which is equal to the plane and the height equal 
to the altitude due to the velocity with which tho fluid is moving, which according to the conven- 
tional rulo = — , ' a will eqttal the weight or pressure of such a column, « representing tho 

^3 - 3 

specific gravity of the fluid and a the area of the base, and will also express the resistance of tho 
fluid to a body moving through it with the velocity r, the cross-section of tho body perpendicular 
to the line of motion being expressed by a. If tho moving Ixnly 
bo a cylinder tho diameter of the cross-section being represented 33 * 0, 

. . w.d* P 

by </,<*= — p- . 

When tho cross-section of the moving body is inclined to the 
direction of motion, let * express the sine of the angle of inclina- 
tion, A 15, Fig. 15370, being tbe direction of the plane ami 111) 
that of tho motion. Tho number of particles or quantity of tho 
fluid which strike the plnuc will be dimi- 
nished in the ratio of 1 : *, also tho forco 
of each particle will be diminished in tbe 
same ratio. Therefore on these accounts it 
iH supposed the ratio will be diminished in 
the ratio of 1 : **. But this is upon the sup- 
position that tho particles strike the piano 
perpendicularly, and ns they strike obliquely 
it is considered that tho cflect will be dimi- 
nished in tiie ratio of 1 : **. Therefore upon 

this supposition — will express the 

resistance. 

Let B E A D, Fig. 3871, Ijo a section 
through tho axis C A of the solid moving in 
the direction of that axis ; let K G be n 

C the 
i repre- 
sent tho ordinates x and y to tho point E, 

Hoc tho differential triangle; take; to ex- 
press the arc BE,* the sine of the angle G ; 

*2 * y will equal the circumference described 
by tho point L in revolving about the axis C A ; and therefore will express the differential 

or tho arc* nppored to tho motion, and 2 ,y.d,= — "*?* .». dr will «nmM tho dir- 

Ztf g 1 

ferculia! of the resistance. Let the solid be a sphere, and take r to express the radius C A ; 



tangent to any point in the curve meeting t 
axis produced in G ; let C F and F £ rep: 
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r (EP.Ef) = (CE.oe) = r.dx; therefore 


when x — r. -4 — V r * = 
*'jr' 


.y.d. = — - i rdx 
. «*. n . w . r* m , . 


J/'’* J 


Taking J to represent tho diameter of the sphere, - 


will express tho resistance. Equating this expression with - »<i*(N - »), the expression for tho 


.. , , e*. » . *r d* 1 „ . ,, _ 4 , N — n 

motive force, we have — ; — = - (N — n) ; c* = 2 g-d ; 

Id </ fa 3 a 


t‘ 4 N- 
2» = '3 d n 


v has been taken to express the greatest Telocity, — will express tho height due to such velocity ; 

8 N — n 8 N 

but r = twice the height due to the velocity c, therefore r = - . d. — ~ — , or r = - d — , ujion the 

supposition that at tho commencement of the motion the resistance - 0. 

Having thus obtained u value for r we can obtain a value for the time of descent of n spherical 
body of any given dimensions and specific gravity through any given sjwco represented by y. 

Jt has been assumed in the preceding investigation that tin; pressure of a fluid upon a given 
plane is equal to tho weight or pressure of a column of the lluid, the base of which is equal to the 
plane and the height equal to the altitude due to the velocity of the tluid. This is generally 
proved os follows ; — 

Take M N O 1’, Fig. 3372, fat represent a vertical section of a cylindrical vessel filled with a 
fluid up to the level G H, at which neight it is supposed fat be always retained ; M P the diameter 
of the huso, and C I) the diameter of a circular orifice in the base, 

which is supposed to bo very Bmall compare^ with MP; C I K It a ^ ■ q 

section of a column of tho fluid standing directly above the orifice, 

and C A B D a section of a plate of the final immediately contiguous 

to the orifice. Take c to dcuotc the velocity witli which the pinto 

(J A 13 1) would descend in vacuo through the space BD, subject only » 

to the influence of gravity. Take V to denote the velocity with ® H 

which the plate C A B 1) is discharged from the orifice when subjected 

to the pressure of the entire volume of the flual, which a reference to 

any elementary work will show may, according to theoretical reasoning, 

be represented by the column C 1 K D. The velocities are as the 

moving fore**, and the times in which they act directly and inversely 

ns the quantity of matter moved ; but it will be evident upon the 

supposition that the fluid is homogeneous thnt the moving forces will . 

be as the heights B D and K I>. The times in which they net nre 1° 

inversely as tho velocities, the space being given, namely B D, and the ^ G D p 

quantities of matter moved equal, the quantity of mutter in both cases being represented by the pinto 

offluidACDB; therefore 0 : e* : V* :: BD : KD; »:V:: ,/BD: ^KD. 

But B D is the height duo to the velocity r, therefore K D is the height due to the velocity V, and 
K D is the height of the fluid. It will bo observed that in this case V represents tho velocity at the 
orifice, not the mean velocity of the descent of the fluid. The pressure on the orifice is equal to a 
column of the fluid of which the base is equal to the area of the orifice and the altitude equal to tho 
height of the fluid. Therefore, admitting the usual suppositions, and also that the result in the case 
just investigated maybe taken to represent the resistance in an unconfined fluid, tin- problem is solved. 

Tho following may be taken as representing to a certain extent tho line of reasoning employed 
in Prop. 30, Lib. II., of Newton’s Principia in this matter, by means of which it will lx* seen a dif- 
ferent result is arrived at. 

Take A BCD, Fig. 3373, to represent the vertical section through a cyliudrie vessel which is 
supiHised to remain constantly full of water. To illustrate this, 

Hit Lane Newton supposes a block of ice on the top of tho 331 

vessel, the lower surface of the ico being in contact with tho IK 

upper surface of the water, so thnt as the water descends through 
nu orifice in the bottom of the vessel, of which tM represents 

the diameter, tho ice shall dissolve and constantly supply tho d >i c 

deficit. If we take E F fa> represent tho line of surface at any KT j ✓ 

variable distance BE, which lino of surface had been origin- e — V 1 -A- F 

ally at B C, it will be evident that tho quantity of water run \ i / 

out at the orifice during the descent from B C to E F will bo \ } f 

represented by EBGF. Take U to represent the quantity \ J / 

of water contained in tho vessel, m the area of tho circular \ t / 

surface at B O, and m' tho aria of the circular orifice of \ J 

which L M is tho diameter: then as the velocities of equal \ / 

quantities of water through different openings during the same l / 

time arc inversely as the arena of the openings taking V to I 

represent the velocity at the orifice and V' the velocity at K U P 1* d 
the surface B C, we have V I V 3 si I m'. Take x equal A B I I 

tho height of tho fluid, and « + x the height duo to tho o *» 


velocity at tho orifice, V 2 


1 !! w* 1 m n Ilfl+r ; - # (a +x), which represents tho height due 
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to the velocity at II C ; therefore, while a -f x represents the height due to tho velocity at the orifice, 

— (a •+■ s) will represent the height due to the velocity at the surface. Differentiating both these 
w* 

expressions, we hnvo d x and m f dx. Assuming the differential of the height due to the mean 


velocity of the fluid as equal to the difference of the above differentials, wo have cfar — — c/j 
to represent the differential of the height due to the mean velocity of tho descending fluid ; thero- 

l in ' 1 N ut'-ilx 

fore d . U = \dx ; Jr}m = mdx , also U = m . x. If r represents the mean velocity 

l to* ; m 

with whicli the water descends, the momentum of pressure upon tho Imiiso may be expressed by U . o 
according to conventional rule, mx evidently expresses the quantity of water contained in the 
vessel, which multiplied with the distance of the centre of gravity of the mass of water from the 
plane of the bottom of the vessel, will express the momentum also. But in this ease the distance of 
the centre of gravity from the bottom of the vessel upon which the pressure is applied = J x; therefore 
taking M to represent the momentum, U ,e = M = £ mx 3 . Differentiating, v.d U + Ut/» = m.x.dx. 

Substituting the values for d U and U already found, we have p.m.rfx— >o — cf x+ro xdr = mx.dx; 


dividing by m, c . d x — t> - 


-Jx-fx.dr ss x.dx. Take | 

\ r .v .jf~ l .d x + x'.dv 




Multiplying both sides of this equation by x r 

xf ^ x ta** 

obtain ex' = - ; dividing by c = . We assumed 1 - = r; therefore 

1 + r ° * 1 + r m* 


r.v.dx + xdv = xdx. 
: x'.dx; integrating, we 




■ = 1 + r « = 


1 + r 2 m 3 — m* 

Take K I to represent the height due to the velocity at the surface, and K P the height due to 
the velocity at the orifice, k i : k p :: v~ : V 3 , V' : v :: PL* : I B J , r* : v* :: P h * : i B\ 
KI : KP :! PL 4 I 111 4 ; this determines the curve B L, and the cataract B I- M C is formed by 
tho revolution of this curve about the axis K P. It is supped that the contents of this cataract 
expresses the quantity of water which presses Upon the orifice in the same manner as if the rest 
was congealed into ice ; therefore tho jwrtion of the water contained in the solid described by tho 
same curve B L round, the axis B A expresses the quantity which presses upon the ring described 
by A L in the rotation. 

Let a fc, Fig. 3374, represent the diameter of this riug, and a c b a section of the solid described 
by the revolution. Take a to express K I, x = I P, 6 = B I, y — P L, * = A L, then y = 6 — z ; 

o 6 4 

therefore bv the pnqierty of the curve, a : a + x 1 1 y 4 : b< ; ~ = d-f r; 3.i?4. 

sr 

n 6* (i.M 

— n = x. Substituting value for y 4 , — a = x. Differentiating 

4 ti b* d z 

— — = dx. But the differential of the solid described by the area , 

A B L about the axis A B = x is equal to the cylinder whose base is tho 
circle described by the ordinate A L — 2 and altitude equal to d x. This 
solid is therefore proportional to x 3 .dx, while **. x expresses the cylinde r 

l l n * 1 t i 4 o z 3 dx a A* 126*.**tf* 

of the same base and altitude t 1 d x = — — -r- = — jr — ■ 

(o — zj* 3 (o — xjT 

Therefore the solid neb will bo proportional to ^ ^ ~ 

M r, <** _ , i n dt p dx i i c\ dz 

J * (*-»r ‘ iM'Ji’M 1 Ji'e-*)' 2*8(4-.y JtiG-.y* 1 

J'V 



J 


1 dr 
0 {b-*y> : 


1 


1 


(5 2 (*-*)*' 


Therefore 


dz 


1 


Wljen i = 9, U = + C, C = - r2 - 6 . 


<)• ~ 4 (6 - 1) 1 Glb-z? ' 12 (6 — *)* 
; therefore the corrected integral ia 


+ C. 


t’ « 1 1 3 »* - 2 j (6 - r) + (4 - «)* 1 

4(6-*)4~fiO-*)* + 12(6- *)» 126* ~ 12 (6 — *)* 12 6* 

360’ - 2 6*j (6 - 0 + »*(* - *)’ -(»-*)* 

12 6= (6 -tY 

:iw,= _ 2 1? j + 2 6 * t * + ’■> - 2 vj + 6 *.* - v + n>, - t;v v’ + ti, i‘ - s > h ^ ~ -« 

12 6* (A -~r)'~ - • 
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« C,'Ji± 

J <» -»y <» - 


Therefore the solid acb ia proportional to 


a b* 4 b z* — z 4 


Substituting value for x in ** x, wo 


3 ( 6 - *>• 

have 71 c* — « ** = a t* { — _ i > ; therefore the solid is to the cylinder ns 

v o — zjr — tjr ) 

J y 7 s (6-.<) (6-0* 3 l ’ * 1 


a b* 4 5i*-i 4 

IT ■(£ 

But ** { b A — (6 — *)* } — 4 fc* «* — 6 6* + 4 b z* — «• ; therefore the proportion becomes 

’ - : {4^x 3 -C6»r4 + 46^-««}; 


/ 4 1 ^ 

or dividing by r 3 , | — 6 s — — 6* r > : { 4 ft 3 — 6 6* x -f- 4 h ** — s 9 } . If we suppose z to become 

infinitely small, or in other words supposo the diameter at the orifice to approach without limit to 
an equality with the diameter at the surface, all the terms involving : may be neglected, and the 

proportion will become - : 46*,or- J 1; and also* m' f which has been taken to represent the 


area of the orifice, may be taken equal to m, the area at the surface, and r = becomes 

v = x. Therefore x equals twice the height due to the velocity r. 

If we suppose the water to bo at rest, and the small circle of which <xb represents the diameter 
to ascend with the velocity equal to * with which the water was supposed to descend, it will l«e 
evident that the same expression which represented the pressure when the* fluid was in motion and 
the circle at rest will represent the resistance when the circle is in motion and the fluid at rest ; 
but the solid representing the pressure in the first cose is to the cylinder whose base is the small 

circle and altitude x, as ^ : 1, and consequently the resistance will bear the same proportion. It 

follows that in order to meet with a resistance equal to the pressure of the cylinder the small circle 
must move with a velocity equal Jt.c; but the heights due to any given velocities are as the 
squares of the velocities, therefore twice the height due to the velocity 3 . v will equal 0.x; but 
this is upon the supposition that the cylinder is of the tame specific gravity as the fluid. 

If we suppose the small circlo which forms the base of the cylinder to remain constant, and also 
the velocity, then in order to express the pressure which denotes the resistance wo must reduce 
the altitude x of tiro cylinder in proportion to the increase in the s|iecific gravity. 'J ake N to 
represent the specific gravity of the cylinder, and n the specific gravity of tho fluid; then if we 
suppose the velocity to be the greatest velocity attainable in the medium in which the body is 
moving, and r to represent twice the height due to such velocity when the specific gravity of the 
moving body ia represented by N and that of the fluid by n. we have r ; 9x N 1 n, the sphere 
is f of the cylinder. If therefore we suppose the sjjccifi’e gravity of tho sphere to be X. and the 

2 

specific gravity of the circumscribing cylinder to be X, the pressure which is the exponent of 


the resistance will be the same if we substitute the cylinder for the sphere; therefore when the 
form of the moving body is spherical, the proportion becomes, taking d to represent the diameter 
of the sphere and consequently the height of the circumscribing cylinder, and substituting it for x, 

„ , 2 _ * C.N.rf 

r : 9d X : n; r = 

d n 

It will bo observed that in arriving at this conclusion the resistance to solid bodies moving 
through a fluid is supposed to l>e tho same, when the cross-sections of the solids ut right angles to 
the Hue of motiou are equal without reference to the form of the solid. 

In Lemma IV., Lib. II., of the Principia, we find the following ; — If a cylinder move forward 
uniformly in the direction of its length, the resistance made thereto is not at all changed by 
augmenting its length or diminishing that length, and is therefore the same with the resistance of 
a circle described with the same diameter, and moving forward with the same velocity in the 
direction of a right liuo perpendicular to its plnne; for the sides are not at all opposed to the 
motion, and a cylinder becomes a circle when iU length is diminished ad infinitum. The force of 
the lost part of the reasoning is not immediately apparent, for if the cylinder ia not diminished ad 
injinitum it does not become a circle. 

In the report of a lecture on the flight of projectiles, delivered at the Ii. U. S. Institution in 1865 
by General Anstrutlicr, we find the following statement made by the Editor of the present work; 
— “ It has been found by experiment on railways that the resistance of the atmosphere to the 
motion of a train depends chiefly upon the length of the train and not upon the frontage of the 
carriages; the resistance resembles more that of friction than the moving of a long parallelepiped of 
the fluid in which the body moves.” 

It is generally supposed that when the velocity of a body moving through a resisting medium 
exceeds a certain limit the resistance becomes increased, in cunsequence of a vacuum being formed 
in rear of the moving body, leaving the body to sustain the whole force of the resistance of the 
particles of tho fluid opposed to the motion w ithout any support from the particles moving in, in 
rear, upon the truck of the moving body. This is supposed to take place when the velocity of the 
moving body exceeds tho velocity with which the (Article* of the air subjected to the pressure of a 


V 


Digitized by Google 


176G 


GUNNERY. 


column equal In height to the height of the atmosphere will rush into the orlfico supposed to bo 
left by tho advance of the moving body. Hound moves at the rate of 114*2 ft. in a second, and as 
sound i» propagated by the clastic force of the nir, therefore the elastic force of the nir is such 
os to produce an equivalent velocity; this is therefore sometimes taken to mark the limit from 
which tho vacuum is formed. 

Much has been written on those subjects by Newton, Bernoulli, D’Alambert, Bossat, Bunt, and 
many other authors; and a go»*l abridgment of all that ran be said on tho subject, assuming the 
established laws of gravity, will be found in the Treatise on Artillery for the practical class of 
the It. M. Academy, published by authority in IHdG. But instead of entering furtner into detail in 
these matters, we should propose in the first place that we should test by actual experiment the 
accuracy of our present theory founded upon the laws of gravity generally received. If the cxjwri- 
ment should prove the theory to be fallacious, the next step we should propose woidd be to endeavour 
to ascertain by experiment where the fallacy exists — whether in an erroneous estimate of the 
resistance of the nir, or of the force of gravity, or both. We have facilities of experiment now 
which were not formerly attainable in the same degree. These may bo furnished by the improve- 
ments in the construction and mode of working balloons, by electricity, photography, telegraphy, 
accuracy in measuring time, as well as in graduating and constructing optical instruments ; and 
mid to all these a calculus which will enable us to solve problems which were formerly beyond our 
reach— the calculus to which we allude is Dual Arithmetic, a new Art. 

The first experiment we should propose is ns follows; — That on a calm, favourable day an ascent 
should lie made in a balloon carrying a spherical body of known density, ns homogeneous as it is 
possible to make it: that an observer should be stationed at any convenient point for taking the 
elevation of the balloon at any given time ; that the spherical body should be attached to the car 
of the balloon, so ns to lie detached suddenly, at a signal, by means of the suspension of an electric 
current — the weight of the shot, indicated by a spring balance, should be taken at the instant it is 
detached from the car; that tho signnl should be given from tho point of observation at tho 
moment that the elevation is taken by means of n theodolite or other suitable instrument: that 
the height of the balloon from which the body drape should lie estimated by a single observation, the 
distance Cram the point of observation to the point where the spherical body drafts being taken as 
radius, and the tangent of the observed angle to such radius, ridded to the height of the observer’s 
eye, being taken as tho height of the balloon. Wo have given a formula by means of which the 
time of descent may be calculated according to the theory now extant ; the diameter and density of 
the falling body, the height descended as well as the moment of detachment being known ; the time 
of descent being accurately noted and compared with tho timo by calculation will show the amount 
of discrepancy which may exist between them. If the discrepancy is great, we must conclude that 
onr theory is fallacious ; and, on the other hand, if the times nearly agree, we may conclude that onr 
theoretical formula) are sufficiently close Approximations to the truth for practical purposes, and 
we may go further into detail to improve it. If wo find a sensible discrepancy, which is most 
likely to be the case, wo must then have recourse to further experiment, in order to discover where 
the fallacy exists. 

We have assumed the descent of the spherical figure to l>e vertical; that is, that the falling 
body descends upon a vertical straight line in the direction of the plumb-line. It appears to us 
that the error incurred in consequence of this assumption will be less than tho error arising from 
two observations which may not be simultaneous. If the single observation should be taken 
exactly at the moment that the spherical body is detached, and the timo correctly noted, the only 
source of error will be the irregular -motion daring the descent of the spherical body, and the 
experiment will be much simplified, ns it will be only necessary to measure the distance from 
the point of observation to the point where the spherical body reaches the ground. Even ujwn 
the supposition that the exact vertical height of the balloon was ascertained by a double observa- 
tion. the error arising from irregularity of the motion in the descent would remain. 

We shall now give a short extract from a small pamphlet lately published, entitled Theory of 
Gunnery, offered to the Institution of Civil Engineers by (Jen. Anstruthcr; — 

“ When a ball has been projected obliquely upwards it is acted upon by two forces — the resist- 
ance of the atmosphere and gravity ; the former of these two can only act in reducing the magnitude 
of the ascent, the latter of the two deflects the ascent vertically, so as to bring the ball to the 
ground at the expiration of a certain time of flight, at a distance from the gun called the range. 

“ If the true angle of departure is given to us ns the elevation, and the horizontal space passed 
over as the range, wo eon determine the trajectory to an inch. 

“We multiply the given range in feet by the tangent of the elevation; tho product is the 
measure of the vertical descent, the fall by gravity in tho timo of flight.” 

This offers a useful suggestion for further experiment in order to test the validity of our present 
theory of gravity. The angle made by the axis of the gun, or tho tangent to the curve of trajectory 
at the initial point and the direction of the object, is called the angle of elevation. Tho angle of 
de)>arturo required by the General is the true angle of elevation with the horizon, or complement 
of the zenith distance, which latter is the angle made by the vertical passing through the point of 
projection and the direction of the piece. This angle being known, the General considers that tho 
vertical deflection during the time of flight will be equal to the tangent of the given angle to a 
radius equal to the measured range. If this be tbe case, it evidently suggests another means of 
ascertaining the time of descent through a givcu distance under the influence of gravity and the 
resistance of the air; for the height descended will be known by calculation, and the timo by 
observation (being the time of flight). 

The results of these two experiments being compared together, and with the results by calcu- 
lation according to the existing theory, might lead to some useful conclusions. Tho resistance of 
the air is evidently a retardative force, with the law of which we are at present unacquainted. It 
is generally supposed that it acts only on the line of motion of the projectile, but as the initial 
impulse becomes weaker in consequence of the augmenting force of resistance, tho ratio of tho 
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impulsive force to the force of gravity is constantly changed, and the deflecting power of the force 
of gravity becomes comjwratively stronger as the projectile proceeds; from this cause alone tho 
force of gravity also varies by some law, ns the moving body approaches nearer and nearer to the 
centre of force. These variations would render the determination of the curve ruthcr an intricate 
matter, even if we were acquainted with the laws of variation, which at present we are not. But 
if a tolerably close approximation to the lows of variation could be arrived at by experiment, 
the means of calculation for the formation of reliable tables could bo soon found. 

Admitting the statement that a Isxly impelled by a given fosee in a given direction will 
proceed with a uniform velocity in that direction ail infinitum, unless influenced by some counter- 
acting force; admitting also that the force of gravity acts on [tarallel vertical lines, and tlae force 
of resistance of the air only on the lino of trajectory of the projectile, it would follow that tlm time 
of flight should be a very close approximation to the time of descent through a distance equal to 
the vertical deflection, calculated according to General Anstruther’s theory ; and the matter might 
Ihj tested by dropping allot from a balloon at different heights, and also observing the time of 
flight corresponding to different ranges, interpolating in both cases, and comparing the results. 

We shall now pass on t<» experiments with a view to ascertain os nearly as |H*ail>ln by a 
practical test the respective laws of variation, of gravity, mid the resistance of the air. Wc shall 
hero extract some remarks, by the Editor of the present work, on this subject, to be found in the 
report of General Anstruther’s lecture, delivered at the It. U. S. Institution in 186ti; also the calcu- 
lation of certain formula), which wo shall here modify bo far as to put them in a more explanatory 
form than that in which they npjtear in the report; — 

M To find whether the resistance of the air or any other fluid medium is proportional to the 
square of the velocity (V) or not, and also to find whether the value usually given to (g) the force of 
gravity near the surface of the earth is under or over estimated, generally y is put = 31 324, 

32, He. I.ot r 2 multiplied by some constant coefficient express the retarding force, and to simplify 
the investigation put this coefficient under the form w *</ ; then the motive force will be expressed 
by •! — »/k*c 3 . Taking the equation d v = f.dt , and substituting ;/ (1 — a* r s ) for /, we have 

• - — 1 dV . = dt; -L Assume - sd, 


lit = g(l —n't^dt ; 


1 -» 3 r* 


= <J.dt ; 


»»’ 1 




the expression becomes 


a* f >lr 

9 J - r* _ 


l, which reduces it to a well-known form, and wc have 


a /log. a —- V 4- log. c} = <. When r = 0, t = 0; therefore log. C = 0, and the corrected 


integral is 


« + f 2 7 t 


a , a + P , , 

— log. = t ; log. - 

2 g n — t « — c a 

Take 2 g t — m, and « to represent the base of the hyp. logs.. 


o -f v 7. 

a — v 


a ■+■ v ss a.t" — c •“ ; e [ «* + 1 } = a { e* — 1 j 


c«+l 


1 ,«• - 1 

Substituting value for a, v = - ^ • 

Taking the equation c.rfe = f.ds ; substituting os before #(1 — n* r*) for /, we have 
d . d v v .d v 

r.dv = q(\ — a*r*)dj ; — ^g.ds; — — - = ds; which may lie put under the form 

yv 1 1 — n s c* 0(1— n*r) 

1 — 2n v ’ fiv . = j a . therefore — - log. -f log. C = *. When c = 0, s = 0 ; 

therefore log. C = log. 1=0, and — — log. . _ 3 "5 — * : * Jllt 


2 ( 1 — n* t?) 


1 i 


1 


P 2 = 


1 (,«-• _ 1)» 


therefore 


n*r* = 


nT'+r «*(.*-“+ 1)*’ 

fy— - 1)* j _ 


(«*’•• + 1)*’ (^*"-+1)* 

(«»"•• + 1) + («•■»■ - 1) = 2 + 1) - («*»•- 1) = 2. 


4 «*»■ l (»*"•-+ 1)» fi / i Vi* 

Therefore 1 - *+ = ^ = feH = (2 (*" + 3=)} ' 

Substituting this value for , =-= in the expression — lug. i . ~ *» wc h»ve 

® 1— n* t? 1 2 i»*j 0 1— 1**11* 

; h • - 2 lng - {2 (*"' + 7---)F = * : or h log - 1 (*’* + = * •• (•■■ + .-■) = * 


Therefore 


- (t ma 4- ss «•**/ ; « m " 4- — = 2 «*•** ; we assumed m ss 2 g t. Substituting 
2\ •“"v <•" 

this value, wc have c***" + = 2 c’***, which is under the form y + = a function of a, g f 

**t ,m y 

and may be solved by dual arithmetic." See Damming. 
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Then if wo drop a spherical body, a* homogeneous ns it enn be mode, from a balloon upon a calm 
day and can mark exactly the time of descent, n and t in the equation become known quantities, 
* being the base of the hyperbolic system of logarithms, dual log. of r = 100000000, = 10' ; there 
evidently remain only a nnd g unknown quantities. Repenting the experiment and ascertaining 
two new values for a and t, we obtain a second equation, in which n and g are the only unknown 
quantities. Therefore, having two equations and only two uuknown quantities, we can ascertain 

1 - 1 

the values of n and g. Taking the equation r = - -jjj-j— - - , then sinco g and / are known quan- 
tities m becomes a known quantity, and consequently r. The corresponding resistance also becomes 
known, having been originally assumed as n*. r 3 ; we can therefore compare the velocities 
with the resistance in the two experiments, and thus ascertain the ratio which subsists between 
them. 

We commenced this article by assuming as a fart that bodies under the influence of the forco 
of gravity and uninfluenced by any sensibly counteracting force move in elliptical orbits round the 
centre of force. This being all that we may be said to know of the action of the law of gravity by 
actual observation, the rest being more or less founded upon ingenious suppositions of clever men, 
which suppositions have become so familiar to us, and such an imposing structure of mathematical 
reasoning has been raised upon them, that we forget the original instability of the foundation. We 
should therefore propose that the ratio of the times of descent with reference to the space descended 
through found by experiment should be compared with the ratio of the times calculated with refer- 
ence to the law of gravity found by observation, namely, that the force or velocity is inversely pm- 
portional to the square of the distance from the centre of force. And then if the differences of the 
times found by experiment and calculation should bear a constant ratio to each other, we may 
assume that this difference represents a close approximation to the correction to be applied for the 
resistance of the atmosphere. A formula for this purpose might have been deduced by considering 
the minor axis in the ellipse to he indefinitely diminished, in which case the expression for the 
time in the elliptical orbit would become an expression for the time during the descent along the 
line of the transverse axis. But in the present case we think we shall arrive at a more practically 
useful result, as follows 

We can only represent a force or its exponent velocity by a reference to space and time ; when 
the force is singly impulsive and the velocity uniform we can express the velocity by saying that 
it is such as to cause a motion of so many feet or yards in one given unit of time : if the force is 
constant and the velocity uniformly accelerated or retarded, we can express it by stating the space 
generated or due to the acceleration or retardation during a given unit of time. But if the force is 
variably accelerated or retarded we can only express it by a complicate and elaborate formula, or 
else approximate to it as closely as may be desirable in a more simple form. If a force should act 
according to any lnw of uniformly accelerated or retardativo motion with reference to space or dis- 
tance from the centre of force, it will be evident that the same force must be considered variably 
accelerated or retarded when referred to equal intervals of time. For instance, if a force be in- 
versely proportional to the square of the distance from the centre of force, nnd consequently with 
relation to a falling body directly proportional to the square of the distance from the point of 
departure, it will be evident that the motion, although uniformly accelerated w ith reference hi the 
space or distance descended, will lie variably accelerated when referred to equal portions of the time 
oi descent, that is, the sjmico which expresses the distance due to the acceleration during any one 
interval of time will not he equal to the space which expresses the distance due to the acceleration 
during any other equal interval of time. 

Take the nlweiswea A P, A P', A P", Ac., Fig. 3375, to 3375. 

represent tho times, and the corresponding ordinates 1* M, 

P' M', P" M", Ac., to represent the sjmees described. Wo 
shall suppose tho ordinates P M, P' M', P" M", &e., to bo 
indefinitely near to each other ; also tho distances P P', 

P‘ P", Ac., to be equal to each other, or in other words it t ; 
which they represent, to be constant. Draw M K parallel 
to tho axis of the abscisses nnd produce the chord MM'toX. 

Is?t Tit be a tangent to tho curve at the point M'; then 
KM = QX = rfj will represent tho space due to tho 
acceleration during the interval of time Pr. If tho motion 
was to become uniform at the point M' the line of motion 
would be represented by the tangent M' It. It will bo 
evident therefore tbnt M" K will represent the space due 
to tho acceleration during tho interval of time P' P" ; 

T M' = M' It ; TM and M" It are parallel : therefore 
T M ^ M" It upon the supposition that the curvature is the same throughout. In the triangles 
T M M’, It M' X, T M' = M' It, and the angles are equal ; therefore 

T XI = It X, M" R = T M = It X, X M" = 2M"R; K H a da, 

K M' -QM" = QX - Q M" = - X M" = <#»«; — 2 M" R = «P s. 



Here tho motion has boon considered with reference to tho point of departure of a body falling 
towards the centre of force, and consequently the velocity is accelerative and the curve convex 
towards tho axis of the abscisses. But if we consider it with reference to the point nt which the 
falling body reaches the ground, estimating from that point towards the point of departure, tho 
velocity must lie taken as retanlative ; the curve will be concave towards the axis of the aJwseisaoa, 
and the expression becomes 2 M" It — <P a, The equation 2 a = f d 1* waa arrived at upon the sup- 
position that / was constant. Although this supjiosition appears to be inadmissible with reference 
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to the entire timo of descent of a falling body, and only productive of error and confusion, still the 
application may be considered admissible without sensible error with reference to the movement 
through the first of the indefinitely short equal intervals of time into which tho line of descent is 
supposed to be divided. In this case s in the formula expresses the space duo to the acceleration 
during the short interval of time d f, a will therefore be represented by M" It, 

= 2M"B = <i*j; f-jf,- 

Tho intensity of the force of attraction may be supposed to become infinitely great at tho centre 
of force, or whether infinite or not it is constant aud may be represented by m ; but we can always 
suppose tho representation of the intensity of the force at some constant distance from the centre 
nearer to it than any distance which we shall have to consider, and therefore in our calculations 
the quantity expressing this force may bo considered constant; let it be represented by m, The 
fact of its being a constant quantity whatever its actual value may bo will be sufficient to enable 
us to institute a comparison of ratios with reference to other forces at a greater distance from tho 
centre. The distance of the point of departure of a falling body from the centre of force is known, 
being equal to the radius of the earth added to the line of descent, aud may therefore bo also 
represented by a constant quantity. Ixtt this latter bo represented by a Then when the intensity 
of tho attractive force is inversely proportional to the square of the distance from the centre of 

tP a 


rj = /; therefore — = / = — 

(a — «)* dt* (a- 


0*’ 


force, taking s to represent the lino of descent, wo have 

^ s v. Upon the supposition that d t is constant, 

da , (d 9\ d*$ mda 

d t \d t) d(* (a — #)* 

Integrating, r* s= — ‘ ^ + C. Upon tho usual supposition that when c = 0, a = 0, C= — ^ ; 
and tho corrected integral is 


a __ 2 m 2 m 
~ a — a a 


2ma — 2mo + 2ms 


2 . m . s 
a (a - a) 


>=v/ 8 -=V 7 


a (.i — s) «(<! — «)' ’ v a v (a — «) ’ 

therefore when s = a, v is infinite. In v = , substitute for r ; 

a a — s dt 

ds _ /2m / $ 

dt * a *** a — s 

Taking the reciprocals, 

-=v/.- V— : = * = (V— 

Us * 2 in v s v 2m v » v 2 »' J * 

Multiply both terms of the fraction by J (a — *), we get 

i u — s , _ ds 

V (“ * 


V (o S- S<) 


d $ - 




■ » : ) 




To find the integral of -77-—* — 3: » take a = $ a — * ; (is = — d z \ 

fi*-4i* 

1 - s* = $ a* — ar-(Ja*-flr + * J )= Jd* - a x — | a* + ar — i* = $ a* - x* = ^ ; 

J (a* - 4 j*) d$ _ -2 dr P - 2d z _ _,2*^ 

2 ; ^ o* 

— x, therefore 

2 z a- 2n P 

= a - 2s ; — = ,* I -7 r = c 

«* « J V (<* » “ 


We have taken » = J o - i, therefore 
t = $a — $ ; 2x 


r - 2s 


* = {(«-•’) + i <■ <«•- ■ ■ 


When t = 0, s = 0; therefore the nboTe is tho oorrect integral. 


If s = a, \/.j^ (a «-»*) = 0, 


and 


a — 2s 


= — 1 = cos. 180® ; therefore in this case 

. / a \ 1 4 

i - * - — — tr ; ( z v/ — — . — u w ss ■ . u ’ , 

a • 2 m 2 *J 8 m 
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therefore the times of the descent of frilling bodies from different heights would be ns the square 
loots of the cutas of the lines of descent, upon the supposition that the force of attraction is 
inversely proportional to the square of the distance, and that there is no resistance; for the radius 
of the earth Doing constant the lines of descent will be os the distance from the point of dejsirture 
of the falling body to the centre of force represented by a. 

A careful comparison of the result* of these experiments might lead to the discovery of the two 
great secrets, the law of gravity near the surface of the earth, and the correction to be applied for 
the resistance of the air. We believe that it would be also possible to obtain the trace of the tra- 
jectory of a shell if not of a round Bhot at short range and slow velocity by means of photography. 
The instrument should lie placed at such an angle; as to bring a sufficient portion of the range 
within the field of the lens to admit of our determining the general law of the curve. We should 
then have an obliuue view of the range, the abscisses being foreshortened, while the ordinates 
would bo in their due proportion ; but the angle at which the instrument had been placed with 
reference to the lino of direction being known, the abscisses could be calculated in their true 
proportions, and thus the law of the curve might be obtained. 

There are three forces to which a projectile during its trajectory is subjected — the attractive 
force of gravity, the resistance of the air, nnd the initial propelling force. We have spoken of the 
firot two in this article, and the third nnd last will be found treated of under the head* Gun- 
rowDEit : Ordnakck. 

We have little doubt that a series of experiments carefully conducted, utilizing the improved 
means and appliances now nt our disposal, would lead to a much closer approximation of calculated 
fonnuhu to practical results than has been ns yet attained, enabling us to generalize, interjHdate, 
and form corrected and at the Home time practically useful tables. Hut to the prosecution of such 
experiments an insuperable objection npjK'ars tn arise; they require appliances and means not 
usually at the disposal of private individuals, and the same stimulus to enterprise and ri»k of loss 
which exists in all matter* relating to improvements in mechanical action when profit follows 
immediately upon successful results, does not exist in this case, l'rnbably some would be inclined, 
in the interest* of science alone, to carry out experiments of this kind if they were in possession of 
the means ; but an assortment of large guns, balloons, voltaic batteries, and photographic apjtt- 
rntus, doe* not, a* a general rule, form a iiortion of the properties of a gentleman of the period. 
Those therefore who are specially interested in facilitating the destruction of their fellow-creoturce 
must only wait patiently till the matter is taken up by somo of our foreign neighbours, and then, 
if they should be successful in discovering the true laws of gravity and resistance, wo may be able 
to purchase the secret. But in the meantime wo may console ourselves with the reflection that 
there is no absolute necessity for further discovery or improvement, for we find it stated by authority 
with reference to the effect of tho resistance of tho atmosphere to the motion of a projectile, that 
sufficient is known to guide the practical artillerist, nnd that it is only a* a scientific question that 
any further prosecution of the subject is of interest, and this more on account of the difficulty of 
solution than for it* practical importance. This fact being established, there remains little induce- 
ment to procowl further with an inquiry into tho laws of gravity nnd the resistance of the air, for 
it is a difficult and intricate subject to deal with ; and if no practically useful results ore to be 
expected, and if it is merely an abstract inquiry into the laws of nature which is aimed at, the 
world i* going much too fast for anything of that sort now. But even if wo have arrived at the 
summit of perfection in the matter of artillery practice, it seems to be generally admitted, since 
long ranges have become the fashion, that some mode of Ascertaining the distance in action more 
accurate than the unassisted estimate by the human eye is desirable. We shall therefore say 
a few words on this subject presently, p. 1772. 

Fig. 337G i* of au Instrument employed by General Anstrutber to illustrate his system of 
gunnery. 

1. Two bars, A B and BC, are joined by a hinge at B; they are to represent tho ascent and 
descent of a projectile fired at anv elevation with any velocity. A third bar A'C' represents the 
horizontal range; it is graduated by being divided into equal space* of 100 yds. each, from A' 
towards C\ 100, 200, 300, 400, Ac., Ac., yards, for the greatest range attainable. This bar A' (T 
has two collar*, one fixed at A', representing the place of the gun, the other movable to represent 
the point where the ball falls. Each of these collars has a ring through which the bars A B aud 
B 0 will las*, nnd a mlUed-headed screw fixes them in their desired place. The horizontal bar is 
mounted on trestles to admit of ^hc unemployed portion of A B and B C passing under the hori- 
zontal range. 

2. Then A'BC' will always form a rightangled triangle, and we graduate A B and BC by 
dividing them so as to show the fall by gravity in tho successive seconds, 1, 2, 3, 4, Ac., At., ns fur 
os we wish to do it, or can calculate the fall ; then on B C we write the spaces described in the 
successive seconds, and on B A the velocity acquired ; tho two bars will therefore be graduated 
thus ; — 


Time 

1 

2 

3 

4 

1 5 

c 

7 1 

8 | 

0 

10, Ac. 

BC.. .. 

10*2 

04*4 

144 

254*4 

305 

505*2 

704*4 

002 1 

1247*4 

1530, &c. 

AB .. .. 

318 

“•i 

35- 1 

125*6 

155-5 

184*8 

213*5 

241*0 

209*1 

206, Ac. 


3. These three bars thus graduated enable us to show the right-angled triangle formed by the 
simultaneous ascent and descent of any ball fired obliquely upwards; and we proceed to show how 
the trajectory is drawn. 

4. For this purpose a set of metal rods, tinned or plated iron wire, are prepared, one for each 
second of time, os shown in our paragraph 2, where we show the space described by a falling body. 
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These arc hnng on the points of graduation nf the oblique ascent, in an inverted order of succes- 
sion, that is to way, the shortest rod lowest down ; then a lino drawn through the lower extremities 
of nil these rods is the trajectory. 



Example . — To draw the trajectory of a ball fired at an elevation of 11° 58' 56"* 25, with initial 
velocity 736 ft. a second, wo set the bar A It in the ring of the collar at A, and rlntnp it to show 
velocity 736 ft., and we beard A B down to the desired anglo, clamping its vertical bar B C at a 
' distance of 5S77'5 ft. from A', and proceed to bang the metal rods for 1, 2, 3, 4, 5, 6, 7, S, and il 
seconds on the oblique ascent; the Inst of those meets the rango exactly, and wo see the trajectory 
marked by ten given points; our Table showing the fall by gravity will enable us to give this 
curve for the tenth parts of seconds if required. 

This instrument was offered to the service in 1864, when the model of which tho above is a 
drawing was lodged in the United Service Institution. 

Fig. 3377 is of an Klectro-Chronosco|xj, invented by Major-General Anstrnther. C.B. The 
object of the electro-ehronoscope is to measure exactly the time of llight of a projectile between 
two given points. Various modes of taking tho time of flight have been in use for years. The 
simplest is a sort of clock, which is divided into 600 parts, and which is traversed by a hand onco 
a minute, and which may lie set going and stopped by touching a lover, and from which a second 
hand may be detached in its course. It indicates to tenths of second* ; but, as the accuracy of this 
instrument depends upon tho manipulation of the observer, it is subject to considerable error. 
The self-registering principle is therefore the only ono which will give reliable results. 

General Anstrnther had an apparatus designed by Mr. Holmes, which was entrusted to Messrs. 
Elliott for execution. The principle was in the main the same as represented in the woodcut. A 
cylinder, covered with paper soaked in a solution of ferrocyanide of potassium, bod to revolve 
driven by a weight. Small iron wheel* attached to slight springs had to trace, by decomposition, 
blue lines on the paper, on tho principle of Bain’s electric prmtiug telegraph, as long os an 
electric current posses; but when put into practice it was found that, if wo nmy call it so, a sort 
of ink was formed which continued to mnrk after the current was broken, and consequently tho 
object aimed at, extreme accuracy, was lost. In conjunction with Mr. Bashley Britten, Messrs. 
Elliott altered the plan. Instead of making use of chemical decomposition by au electric current, 
they substituted metallic paper for the cylinder A, and a clockwork C for the weight, Atauaa 
of sketch are four electromagnets made of the same material, in exactly tho same manner, a 
matter of some importance, as wo shall presently see. Tho keepers are attached to springs which 
carry motallic points pppp. When the clectnc current makes the iron magnetic, tho keeper is 
attracted, and the metallic point presses gently on the paper; odo of the electro-magnets is in con- 
nection with an accurately-timed seconds pendulum, which at every beat makes connection for a 
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fraction of a second, or, in other words, makes the magnet attract the keeper every second, and clots 
on the paper cylinder. Thus we have a second registered independently of the velocity with which 
the cylinder rotates. If the rotation 
iB quicker, the two dots will he farther 
apart, and vice versa. The three other 
electro-magnets are in electric connec- 
tion with three targets, one of which 
is distant about 1 ft. from the muzzle 
of the gun, the second and third nt 100 
or 200 yds., or at any other required 
distance. The first target consists of 
a simple copper wire, which is broken 
by the toll leaving the gun. The 
targets Nos. 2 and 3 consist of frames 
of common deal wood G ft, square, 
across which a copper wire passes back- 
wnrds and forwards close enough to 
allow no ball to pass through without 
breaking it. Tncso frames can be 
raised to such a height ns the angle 
of elevation at which tho gun is fired 
renders necessary'. The cylinder A 
has a screw S cut on its axis, which 
senes ns a means of propelling it 
while the metallic points draw, so that 
the lines do not fall upon each other, 
but run spirally round the cylinder 
with the pitch of the screw. For that 
urpose the cylinder with clockwork is 
xed to a carriage which runs on the 
wheels while the lever h and the me- 
tallic points at pjppp remain station- 
ary. At the farther end is a governor to ensure equal velocity of rotation. This governor should 
bo a friction governor made of discs of felt, like the governor of House's printing telegraph. A 
governor of this kind would render this instrument complete. 

The apparatus is used in the following manner; — A galvanic battery is connected with each of 
tho four electro-magnets; one takes into its circuit the pendulum, the seeond tho target at the 
muzzle of the gun. the thin! the target nt 100 yards distance, the fourth the target at 200 yards ; 
tho pendulum is then set going, and dots on the cylinder, which is, however, not yet in motion. 
The clockwork is now net going, and tho three points draw lines. After one or two revolutions the 
command to fire is given, when the ball, in having tho gun, breaks the wire of No. 1 target, and 
point No. 1 ceases to draw. When the second target is struck, point No. 2 ceases to draw ; and 
when the third target is struck, point No. 3 ceases to draw. The clockwork is now stopped. To 
ascertain the time represented by those lines, the paper is token off; where point No. 1 lias ceased 
to draw is the starting point or zero; the length of the second and third lines will give seconds and 
fractions of seconds, when com|Mrcd with the distance of the two dots made by the pendulum, for 
which purpose a scale may be used, or an ingenious contrivance of Mr. Holmes's, a compass to ono 
leg of which a screw is attached with 100 turns, a nut turns in tho second leg and subdivides ono 
turn of the screw into 100 parts. By moving the trammels either way the points of the compass 
can be mado to take in the two dots which represent the second, and each turn of the screw will 
give the 100th part of the second, be the distance great or small. A second cylinder is provided, 
which may be prepared with metallic paper beforehand so as to save time. Various objections may 
bo raised to this apparatus, to some of which we will briefly allude. Electricians will point out 
that after the current is broken residue magnetism in the soft iron will retard the release of tho 
keeper. We have provided against this error, firstly, by making the electro-magnets exactly alike, 
as mentioned before, bo that wo have the same retardation in the release of the three different 
kernels, and this erne will thus lie neutralised ; secondly, by not bringing the keeper into actual 
contact with tho iron, but interposing a thin brass pin. A second objection might be that tho 
different length of the wires might have different or unequal effects on the magnets; if this should 
be the case, resistance coils might be enclosed in tho currents to make them all alike. A third 
source of error, and perhaps tho most inconvenient one, is, that when the three ]>oints draw, there 
is more friction than when they are successively released ; but as tho amount of friction can bo 
ascertained, it can be allowed for. 

We have examined many Telemeters and Range-finders, each of which, with the exception of tho 
one, Fig. 3378, had defects that rendered it of little or no use in action. The instrument, Fig. 
8378, consists of a vertical bar /, of metal, about 3 ft. (3 yds.) long, mounted upon a carriage in 
the form of a gun-carriage, as shown in the figure. Two quadrants a h are attached, one at each 
extremity of the metal bar, so that the centres of rotation of the movable limbs of the quadrants 
shall bo exactly 3 ft. apart, and that the zeros of the instruments and the centres of rotation of tho 
niovnble limbs shall lie correctly in the same line. With the aid of o telescope, movable in tho 
quadrants a b, mounted with level and micrometer screw, tangents of angle* of elevation or depres- 
sion can bo almost instantly found with a high degree of accuracy. The axletree-boxos are raised so 
as to form Hinall platforms for the observer at the higher level to place his feet upon, and there is 
a small rail in front, as Bhown in the figure, for him to rest his hand upon while observing. The 
lower extremity of the bar is about 3 ft. from tho level iff the ground, so that an observation eau 
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he taken with what we term the quadrant on the lower lovel in a kneeling position. The bar and 
boxes rotate upon an axle planed a little above the lower quadrant, so as to admit of the bar bo mg 
depressed when the observation 
is completed, the quadrant a fall- 
ing into a small wise fitted to 
receive it at 11, and the quadrant 
at b fitting into a similar case near 
the point C. A handle and crank 
df moving upon a circular l»rcc, 
is attached, and there is a counter- 
weight at C in order to facilitate 
the elevation Hnd depression of 
the bar. 

Use of the Instrument. — In Fig. 

3378 the near wheel is removed 
as well as the axlotree-box on the 
uear side. The tangents of angh s 
of depression of a distant point 
are taken at both levels and read 
off by the observers, the distance 
or range being thus calculated or 
worked out by means of a calcu- 
lating instrument, as hereafter 
described, by n third man ap- 
pointed for that purjjoae. The 
calculating instrument is shown 
in Fig. 3380, a small platform at 
B being constructed to work the 
calculating instrument upon. 

If the radius or range of the 
quadrants a h canal 10 in., divided 
into tenths, ana if the micrometer 
screw divides ^ of an inch into 
100 equal parts, then the 10-in. 
radius = 10000 ; such equal parts 
and the difference of the tangents 
of the two observed angles at a 
and b may be found to be 
of an inch = • 0001 = 20" 'G nearly. 

If greater accuracy be required, 
and a ^ vernier be applied to 
the micrometer screw, then the 
radius is tuken = 100000 equal 
parts, and the tangents are mea- 
sured to -pTunau of an inch = 

•00001 = tangent of 2" nearly. 

The principle upon which the 
instrument. Fig. 3378, workB may 
be shown as follows ; — 

Lett 9 = Z. of observation at 
the higher level, a sc, Fig. 337.) ; 

6' = 2. observed angle at the 
lower elevation, bde; r = sd, the 
length of the vertical bar a 6, 

Fig. 3378; 11 = db, the horizontal 
range ; c the position of the 
enemy’s battery ; then 

sd l b c 11 do l ob; 

.*. sd 1 (sd+bc) 11 do 1 ( do+ob ). 

Since s d = a b, wc bavo (tan. t 
— tan. 0') : tan. 9 Hr cotan. 0 : R ; 

tan. 0 eotan. 0 
r tan. 0 — tan. 

1 



= R; 


tan. 0 — tan. 0' 


= R. 



In this demonstration wo pat 
the radius = 1 ; but suppose the . . , 

radius = 10000 equal parts, which we take as a whole number, then the horizontal range 

r x 10000 JJ 0W if tan 9 mnutur01 2 in q-ioths aud 60 from the micrometer circle, and 


U = 


tan. 0 — tan. 0' ’ 
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tan. Q‘ = 2 in. 4-10tha and 48 from tho micromotor circle, theft tan. 0 — tan. 9“ = 2469 — 2148 = 21, 
and as r = 3 yds., wo have R = > ~ = 1429 yds., tho horizontal range very nearly, Tho 

calculating instrument before alluded to, Fig. 3380, forms a vast variety of similar triangles, 
which instantly give a fourth nrojwrtion to tan. 9 — tan. 9\ r, and 10. The divisions on the sides 
11, 11; D, E, are all equal and not in logarithmic order. The calculating iustrunicut consists of 
a circular disc F G attached to a vertical limb II 11, upon which two horizontal limbs D and K, 
with clamping screws, slide vertically; upon the lower branch of the limb II 11 a smnll marker a, 
with clumping screw, slides vertically ; a dingounl bar A A revolves npon the centre point of tho 
circular disc ; two small tables of tangents F ami G are engraved upon the disc. The instrument 
is worked as follows; — While the first observation is being taken on the higher level, move tho 
horizontal limb E to 10 on the up]>cr branch of the vertical limb 11 II and clamp it ; ujiou tho 
observation at the higher level being taken and r«-ad off, move the marker <i on the lower branch 
of the vertical limb 11 D to tho number answering to tan. 9 ; uj»on tho olwervation at the lower level 
being rani off, move the horizontal limb D till tho number answering to tan. (f coincides with the 
number on the vertical limb 1111 indicated by tho markers, ami damp it. Uring the revolving 
diagonal lair to the number on the horizontal limb I) corresponding to r. The upper arm of the 
diagonal bar will indicate a number which multiplied mentally by 10, 100, or 1000, according to 

the graduation of the instrument, will give the horizontal range. Nolan makes r = — —— , — 

. * sin. (0 + 7 ) 

and tries to obtain results by divisions put in logarithmic order on circular rings. Nolan’s reasoning 
looks extremely scientific, but in practice all such j>erformuuces are extremely ridiculous. See 
Anemometer. ANc.ri.AR Motion. Artillery. Damming. Dynamometer, Gunpowder. Gyra- 
tion. Ordnance. Oscillation. Percussion. 

GUNPOWDER. Fr., Foudre a canon; Geb., Schiesspulccr ; Ital,, Foircre da canncmc ; Span., 
Fdlvora. 

The mechanical part of tho manufacture of gunpowder is essentially tho samo in principle, and 
dilfers only to an immaterial extent in detail, whether in tho various gunpowder mills in Great 
Britain or in those of the Continent. 

The annexed engravings show a complete aet of gunpowder machinery, manufactured for tho 
Japanese Government by j. and H. Gwynne, of the Hammersmith Iran Works, Loudon. In conse- 
quence of the objection to steam-fiower os increasing the danger of explosions, and tho absence of 
sufficient water, it was found necessary to drive the mills by cattle-power. 

Fig. 3381 shows a side view of tho pulverizing mill, Fig. 3382 a front view of the same; 
Fig. 3383 shows the arrangement of the cattle track ; Fig. 3384 tho front view of the incorporating 
mill ; Fig. 3385 is a side elevation of the cattle track ; Figs. 3386, 3387, different views of tho 
charcoal sifter; Figs. 3388, 3389, different views of the mixing barrel; Figs. 3390, 3391, different 
views of tho glazing cylinder; Figs. 3392, 3393, different views of the hydraulic press and pump; 
Figs. 3394, 3395, different views of the bresiking-down cylinder. 

Figs. 3396 to 3402 exhibit another arrangement of gunpowder machinery, made for tho Italian 
Government by J. and H. Gwynne. In this ease water-power was available, and was thus made uso 
of to drive tin* machinery by moans of two turbine water-wheels, os shown. Figs. 3396, 3397, show 
u plan and section of the house containing the mills ; Figs. 3398, 3399, show a section and plan of 
tho house containing mixing barrels, glazing cylinders, machines for breaking down ami sifting tho 
gunpowder ; Fig. 3400 is the packing house; Fig. 3401 the house containing hydraulic presses; 
Fig. 3-102 tho house for sifting charcoal. The houses arc all made of os slight material as possible, 
so that in case of an explosion the powder has as little surface to act npon ;i* jiossihle, and are placed 
at such a distance apart so that the ono may not bo endangered by the other. Tho machinery in 
Figs. 3396 to 3402 is exactly similar to that in Figs. 8381 to 3395, hut on a somewhat larger scale. 

Figs. 3103 to 3406 give scctioual views of the pulverizing and incorporating mill to a larger 
scale. This machine is mode upon tho latest and most improved construction, tho rolls and |»an 
being made of cast iron, which after many experiments has been found to lie the most suitable 
material for the purpose ; the upright and cross spindles arc both made of wrought iron, working 
in gun-metul bearings at each end; the outside frame of tho pan is made of w*ood, and the whole is 
worked from the main driving shaft by a pair of bcvel-wlieels, as shown in Fig. 3403, These 
details are necessary in order to explain the full working of the machinery. 

The materials having been pulverized in the mill, Fig. 8381, are apportioned out, tho following 
being the proportions used at the Government mills, W&lth&in Abbey, and also by other inukers 
generally ; — 

lbs. or., drachma. 

Saltpetre 31 8 0 

Charcoal .... 6 4 13 

Sulphur ..433 

42 0 0 

This quantity of tho ingredients, termed a charge, is placed in tho mixing apparatus, Figs. 
3388, 3389, which consists of a wooden cyliudcr, traversed in its centre by nn octagonal slrnft 
provided with several fau-liko arms. Both the shaft and cylinder are kept in motion, but in 
different directions. This latter arrangement so facilitates the commingling that the homogeneous 
powder is ready for removal ami further manipulation in from five to ten minutes, when it is 
transferred to bags which arc pressed, ami the mouths of which arc firmly secured, in order to 
prevent the disunion or separation of tho ingredients in the order of their density during tho 

transport to the incorporating mill. It is evident if the charges were too lightly j lacked the ingre- 

dients would bo liable to be separated, tho saltpetre finding its way to the bottom, while tho 
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sulphur and charcoal would form layers above, the latter, from its light pulverulent state, escaping 
in tin* form of dust between the fibres of the cloth of which the bog is formed. 

The next process is the incorporation. The mixture is spread out upon the bed of the mill. 
Fig. 3384, and distilled water is udd.-d to ensure the intimate cohesion of the particles, and the 
whole is again submitted to the action of the mill to ensure the uniform pressure and bruising of 
the ingredients ; but in this cose the motion is less rapid than during the grinding of the ingre- 
dients. A great degree of caution must be exercised to prevent the intervention of any hard or 
silicious matters. The requisite amount of moisture must l>o maintained during the operation, 
and for this purpose water is slowly added at suitable intervals till the incorporation is complete, 
which is generally the case at the expiration of from throe to four hours. 

The compound lias now the properties of gunpowder; it indurates in a very short period, 
forming hard cakes, termed mill-cake. When it has lost some of its moisture, but before it 
becomes completely dry, it is passed between the breaking-down cylinder, Figs. 331)4, 3395, and 
is then submitted, lie twc-en copper plates placed in strong boxes, to hydraulic pressure of about 
150 tons to the sq. ft., in the press house. Figs. 3392, 3393. 

The powder has now to lx.* granulated, and for this purjiose it is placed in the breaking 
cylinder, Figs. 3394, 3395, and afterwards sift**! by band to the various degrees of fineness. The 
finest powder is then placed iii the glazing cylinder, Figs. 3390,3391, in a slightly moist state, nud 
revolved very slowly, so that the grains become polished by attrition. The gunpowder is finally 
dried, which iH now generally done by means of steam heat, nud sometimes by a current of 
air, previously heated in another chamber from 130° to 159°, passing over the powder placed on 
canvas shelves. 

On Fig. 3103 the footstep II will havo to be covered with wood, in order to prevent the graius 
of powder being explodes! from getting between the shaft and brass. 

By mixing intimately saltpetre with charcoal or with sulphur, we obtain substances which, 
when subjected to a high temperature, deflagrate and suddenly develop a large volume of gas. 
When the combustion bikes place in a contracted space considerable pressure is exerted on the 
surrounding walls of this space, and if ouo of these bo movable, it may be projected with more or 
less force. 

If, for example, 1 equivalent of nitre KO.NO, is mixed with 1 equivalent of carbon, there are 
produced, by detonation, I equivalent of carbonate of potassa, 1 equivalent of nitrogen, and 3 equi- 
valents of oxygen; KO,NO i +C=KO,OO l 4-N-f30; 2 volumes of nitrogen and 3 of oxygen will 
therefore be disengaged. 

We may calculate by approximation the volume of gas developed by one volume of the deto- 
nating mixture. 1 equivalent of nitrate of (totassa weighing 1264*8, and 1 equivalent of carbon 
weighing 25*0, the weight of the mixture will therefore be 1339’ 3. Assuming that this pulverized 
mixture occupies tin; same volume as an equal weight of water, wo can admit that a weight 
1339-3 grammes of the mixture will occupy a volume of 1*339 lit. Now, this weight of the 
mixture develops 1 equivalent = 175 of nitrogen, and 3 equivalents = 300 of oxygen, 

l lit. of nitrogen, at 32°, under a pressure of 0*700 in., weighs 1 *257 gramme. 

1 „ oxygen „ „ „ „ 1*429 „ 

The volume occupied by the nitrogen at 3*2°, and under a pressure of 0-700 m., will be given by 
the proportion 1*257 : 1*000 :: 175 : x. whence x = 139-2 lit. The volume occupied by the 
disenguged oxygen under the same circumstances will be deduced from the proportion 

1*429 : 1*000 :: 300 : y, whence y = 209*9 lit. 

Thus a volume of detonating mixture represented by 1*339 lit. yields 349*1 lit. of gas at 32°, 
and under a pressure of 0*700 in. — a volume 253 times greater than that of the explosive sub- 
stance. The volume of gas, at the moment of development, is really much larger than we have 
just found, being strongly dilated by the high temperature produced by the combustion; and wo 
may safely admit that the expansion is at least throe times greater than that given by calculation, 
when the gas was supposed to have a temperature of 82°. 

If 1 equivalent of nitrate of pntaasn is mixed with 2 equivalents of carbon, then 1 equivalent 
of carbonate of potassa, 1 equivalent of nitrogen, 1 of carbonic acid, anil 1 of oxygen are formed; 
KO,N0 4 -f2CssKO,CO f -fN-b(X) 1 -fO. The equivalent of carbonic acid being represented by 
2 volumes, it will be seen that 5 volumes of gas are still disengaged ; that is, that the exmnsion is 
the name ns in the preceding case. The projectile force may, however, be greater if a high tem- 
perature be developed during the combustion. 

l.nstly, if 4 equivalents of carbon are added to 1 equivalent of nitre, then 1 equivalent of 
nitrogen and 3 equivalents of oxide of carbou are disengaged ; KO,N 0,4-4C= KO,CO,+N+3CO. 
1 volume of oxide of carbon containing only a £ volume of oxygon, it is evident that t* volumes of 
oxide of carlton w ill be develo|ied; the gaseous volume will therefore lie equal to 8. Thus there 
will be a greater production of gas than in the two preceding cases. The projectile force might, 
however, bo less, if the heat developed be not so great. Moreover, in the mixture we have just 
supposed, a great portion of the carbon does uot ignite. 

Slixtures of nitre nud sulphur also produce, by detonation, considerable volumes of gas. Thus 
a mixture of 1 equivalent of nitre ami 1 equivalent of sulphur yields 1 equivalent of sulphate of 
(Mitassa, 1 equivalent of nitrogen, and 2 equivalents of oxygen; K0,N0 s +S = K0,S0 1 +N-f-20; 
4 volumes of gas will therefore Iks formed. 

With 1 equivalent of nitre and 2 equivalents of sulphur w-e have 

KO,NO s +2S= KO,SO,+N+SO ? ; 

that is, again 4 volumes of gas; for the equivalent of sulphurous acid is represented by 2 volumes. 
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A mixture of 1 equivalent of nitre with 4 equivalent)* of sulphur given 
K0,N0 4 +4S= 1 vS+N+::80, ; 

2 volumes of nitrogen and C volumes of sulphurous acid will therefore be disengaged; in all, 

8 volumes of gas. In fact, however, the gaseous volume is less considerable, owing to the ineom- • 
plete combustion of the sulphur. 

Mixtures of nitre ami carbon generally produce a greater volume of gas than mixtures of nitru 
and sulphur: but the latter have the advantage of being more combustible. 

Experiments have proved that the mixtures possessing the greatest projectile force consist of 
uitre, carbon, and sulphur. A mixture of 


1 equivalent of nitre 

.. .. 12G4 .. 

.. 66*0 

1 equivalent of sulphur 

.. .. 200 .. 

.. 10-5 

G equivalents of carbon 

.. .. 450 .. 

.. 23*5 


1914 

100*0 


gives KO,XO,-l-S-f GC = K8+N4-GCO; that is, 14 volumes of gas. But in reality the gaseous 
volume is less considerable, because a large portion of the carbon escapee combustion, and the 
temperature does not rise very high. 

The following mixture possesses a greater projectile force ; — 


1 equivalent of nitre 

.. .. 1264 .. 

.. 74*8 

1 equivalent of sulphur 

.. .. 200 .. 

.. 11 *0 

3 equivalents of carbon 

.. .. 225 .. 

.. 13*3 


1689 

100*0 


We then have KO,NO i +8+8C=KS+N+8CO J , with the disengagement of 8 volumes of gas. 

We may calculate by approximation the volumo of gas produced by a volume (1) of this mixture. 
Let us agniu admit that the mixture occupies the same volume as an equal weight of water. We 
shall say that 1689 grammes of the mixture, or n volume of 1*689 lit., disengages 175 grammes of 
nitrogen = 139*2 lit., and 825 grammes of carbonic acid = 417*3 lit.; total gaseous volume 
— 556*5 lit. A volume (1) of the detonating mixture will therefore produce 329 times its volume 
of gas at 32' and under a pressure of 0 *760 ni. of mercury. 

The numerous experiments made in ull countries to discover empirically the best composition 
for powder show that it should be ns approximate as possible to that just now theoretically 
developed. 


In France three different compositions are in nsc. 


For war powder — 

Saltpetre 75*0 

Sulphur 12*5 

Charcoal 12*5 

100*0 

For sporting powder — 

Saltpetre 76*9 

Sulphur 9*0 

Charcoal 13*5 

100*0 

For blasting powder — 

Saltpetre G2*0 

Sulphur 20*0 

Charcoal 18*0 


Prussian war powder shows the following com- 


position — 

Saltpetre 75*0 

Sulphur 11*5 

Charcoal .. 13*5 

100*0 

English and Austrian war powder — 

Saltpetre 75*0 

Sulphur 10 u 

Charcoal 15*0 

100*0 

Swedish war powder — 

Saltpetre 75*0 

Sulphur 16*0 

Charcoal 9*0 


100*0 

Chinese powder — 
Saltpetre .. 
Sulphur .. 

C harcoal .. 


100*0 


75*7 

14*4 

9*9 


100*0 

French blasting powder is the only one which differs remarkably from the theoretical composi- 
tion just indicated ; thin is liecnnse a great projectile force is not required, ami the Government, 
which images a considerable tax on sporting powder, endeavours to mnuufncture a blasting 
powder such that it cannot l»o substituted for the former. This powder has, indeed, less strength, 
and fouls the gun very rapidly. 

Powder should satisfy several conditions, which vary according to the weapon in which it is to 
be used. When it is very explosive, and the explosion of the chnrge is instantaneous, the reaction 
on the walls of the weapon is sudden and violent, frequently causing the weajton to hurst; the 
powder is then said to be too expiorire. If the powder is not sufficiently explosive, the projectile is 
thrown from the weajK>n lie fore all the charge is burned ; a |>ortion of the latter, therefore, is 
uselessly inserted and wasted. The ponrder most suitable for any given weapon is that which, 
burning perfectly whilst the projectile passes through the chamber of the piece, communicates to 
it, gradually, and not instantaneously, the whole projectile force of which it is capable. Hence 
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tho quality of the powder must vary according to the nature of the piece in which it is used. With 
equal quantities of the ingredients the quality of the powder can still lie altered, by using charcoal 
more or less carbonized, by giving the substance a greater or less degree of compactness, or by 
varying the size of the grain. 

Before proceeding to study tho manufacture of tho various kinds of powder, we shall investigate 
tho preparation of its primary components. 

Saltpetre .— The saltpetre used in the manufacture of powder is the refined nitre. This nitre is 
remarkably pure, and rarely contains more than two or throe thousandths of sea-salt. It comes 
from the refinery in very small crystalline grains, and in this state iB used in the manufacture of 
powder. 

Sulphur . — Powder mills purchase the refined sulphur in rolls. It must bo reduced to an impal- 
pable powder, which is effected in wooden drums, Figs. 3407, 3408, having on the inside wooden 
brackets a, 6, arranged along 

the edges of the cylinder. 3408, 

These drums are cylindrical, 

and about 1" ■ 10 long, with a 
diameter of about 1*’15 : they 
revolve on a horizontal iron 
axis 00'. Through a door 
abed, which is furnished with 
iron handles m'm, tho mate- 
rial is introduced. Pulveriza- 
tion is effected by means of 
small brass balls, of about 5 
or 8 millimetres in diameter, 
of which each drum contain- 
150 kilogrammes : 30 or 40 
kilogrammes of sulphur are 
added, and the drum is mad* 
to revolve for six hours, during 
which time the balls, rolling 

with tho sulphur, crush it and reduce it to extreme fineness. In order to 
withdraw the sulphur, the door of the drum is removed, and replaced by a 
similar door abed . , the panels of which are of wire gauze, Fig. 3409; bv 
causing the drum to revolve five or six times, tho sulphur escapes through 
this door, leaving the balls in the drum. 

The powdered sulphur is sifted in a bolting machine, similar to thnt used 
for bolting flour; the particles which have not been sufficiently pulverized arc thus separated, 
as well as any small grains of sand, which might occasion accidents in the manufacture of tho 
powder. 

The charcoal destined for the fabrication of powder must be most carefully selected. All kinds 
of wood are not suitable for the preparation of this charcoal : the tender and light woods, which 
yield a friable, porous charcoal, leaving very little ash, are preferred. 

The woods most esteemed are the black alder and spin die- tree : poplar and chestnut may also 
be used. Hemp stalks, likewise, yield a very good charcoal. 

The wood of the black alder is exclusively used in France. Tho branches of about 15 or 20 
millimetres in diameter are preferred ; and if larger branches aro used, they are first split. The 
bark is always removed, as it gives too much ash. These branches are cut into lengths of front 
1*5 to 2 metres, and tied in bundles weighing from 12 to 15 kilogrammes. 

The carbonization is never effected in kilns, as common charcoal is made, but in pits or in 
cylinders. 

Carbonization in Pits . — Cylindrical pits, about 1"*5 in diameter and l m *2 in depth, are exca- 
vated in the earth and lined with bricks, and filled with the wood, cut into pieces of 0**80 in 
length, until the heap rises to the height of a few decimetres above the mouth of the pit. Fire is 
communicated through a hole at the bottom ; and as the combustion advances, the branches are 
raised with a fork, so as to allow the fire to be regularly distributed. The pile gradually sinks, 
and fresh wood must be added to keep tho pit full. When a flame is no louger seen, the mouth of 
the pit is hermetically closed by a sheet-iron lid, and the carbonization is then finished without 
access of air. The pit remains closed for throe or four days, in order entirely to extinguish and 
cool the charcoal. It is then opened, tho charcoal removed, and conveyed to tho sorting room, 
where it is most carefully sorted by baud ; such branches as have not been sufficiently carbonized 
and tho half-burnt pieces are rejected, os also those which are too much carbonized, and therefor© 
would make bad |M>wder. Tho good charcoal should be used immediately, as it sensibly deteriorates 
by exposure to the moist air. 

By curl >onizat ion in pits, about 18 to 20 per cent, of charcoal is obtained. 

Carbonization in Cylinders . — This process yields a much larger proportion of chnrcoal ; its quality 
is also more constant and uniform, because the fire can be regulated at will, and the carbonization 
can be arrested at the proper moment. 

Tho cylinders C, C, Figs. 3410, 3411, aro arranged in pairs in the same furnace: they are mado 
of cast iron, having 2 metre's in length and about 0"**70 in diameter. One end of the cylinder is 
closed by a cast-iron lid, having four circular openings, through which |»a».s four sheet-iron tubes, 
a */></, m n. Three of these tubes, which serve for the introduction of sticks of wood, are closed 
externally with wooden plugs, which can be withdrawn from time to time, so ns to observe the 
progress of the carbonization. The fourth is open, and gives exit to the gases which are evolved 
during the process. A curved copper tube n o is fitted to one end of it, opening above a funnel r. 
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which communicate* with a horizontal canal T, ranging along the furnace and opening into the 
chimney. There are generally twelve furnaces arranged in the sanio mason-work. 

The combustible is placed on the grate tl, the tlatne and smoke ascend between the two cylin- 
ders, surround them, and descend by vertical pipes u and m' into a horizontal canal V V', which 
extends under all the furnaces, and opcnB into a chimney built in tho middle of the room. Tbo 
heat around each cylinder is regulated by registers r and r\ in the vertical pipes u and The 
part abc of the cylinders which is more immediately exjjoaed to the action of the fire is covered 
with a luting of broken tiles and clay. The maximum of temperature is thus found at the top of 
the cylinders, favouring greatly the progress of the operation. 


3410. 3411. 



The sticks of wood to bo carbonized aro about 1“*5 in length: when the cylinders are filled 
with them, the movable end f g hi is replaced. This end is made of two sheets of iron, the space 
between which is filled with ashes ; assay sticks aro then introduced into tho tubes pq y tnn. 

When the cylinders are charged, fire is kindled on the grate : turf is the fuel generally used. 
Active decomposition of tho wood does not begin under four or fivo hours. Tho progress of tho 
operation is estimated by the quantity and colour of the smoke which escapes fioin tho pipe no. 
When the carbonization is supposed to lie advancing, tho assay sticks aro withdrawn, and an 
opinion formed from their appearance of the progress of decomposition in the various parts of tho 
cylinders : if it be more advanced in some parts than in others, tho combustible is pushed to the 
side where the carbonization is slowest. The beat is also regulated by the registers r and r'. In 
eleven or twelve hours, no vapour escapes any longer from tho pipe n o; tho operation is then ter- 
minated, the registers are closed, and the carbonization is completed without further aid. On tho 
following day, tne charcoal is withdrawn and placed in sheet-iron extinguishers (e'touffoira). 

Carbonization in cylinders yields from 35 to 40 per cent, of charcoal, which is sorted by hand, 
and broken iuto small pieces. 

The carbonization is not carried so far when the charcoal is intended for sporting powder : it is 
then withdrawn in the state of red charcoal (charbon roux) ; its colour then is brown. For war 
powder the carbonization is pushed further, to tho state of black charcoal (charbon noirh called 
also distilled charcoal. Powder made with red charcoal would be loo explosive for muskets or 
artillery. 

Manufacture of Round Powder by the Bernese Process . — Blasting powder is made in France by a 
peculiar process, first used at Borne, whence it has obtained the name of Bernese process. This 
process is also applied to the manufacture of cannon and musket powder. 

For blasting powder, the more highly-burned charcoal, which m unfit for other powder, is used : 
the great degree of calcination is in this case not injurious to the quality of the powder, as blasting 
powder should not possess too groat an inflammability. 

8ix different operations may be distinguished in the manufacture — pulverization, mixing, 
graining, equalization, glazing, and drying. 

The pulverization is effected by bronze balls in iron drams, exactly as 1ms been previously 
described, with tho only difference that at the samo time balls of 4“ *5 in diameter, and some vary- 
ing from 7 to 15 inm., are used, the charcoal being more difficult to grind. The drum contains 
120 kilogrammes of these balls, with 30 kilogrammes of sulphur and 27 of charcoal, which is the 
proportion for 150 kilogrammes of powder. The door is closed, nud tho drum made to revolve for 
four hours, at the rate of from twenty-five to twenty-eight revolutions a minute : tho binary 
mixture, being then sufficiently ground, is removed from the drum. 

The further mixture is then made as follows; — 14*25 kilogrammes of the substance taken from 
the drum, exactly weighed, are placed in a barrel, and 23*25 kilogrammes of saltpetre added. 
Each barrel then contains 37*50 kilogrammes of the compound, namely;— 


Saltpetre 23*25 .. .. 62*0 

Sulphur 7*50 .. .. 20*0 

Charcoal .. .. 6*75 .. .. 18*0 


87*50 100*0 

This compound is carried to the mixing machine, which are leather drums, containing CO kilo- 
grammes of bronze balls of 4 ran, *5 in diameter. The 37*50 kilogrammes of it are introduced, and 
the machine mode to revolve at the rate of twenty-five or thirty revolutions a minute. After four 
hours' working, the compound is well mixed ; the material is then conveyed into a maie, and placed 
in barrels to be carried to the graining house. 

Tho machine. Fig. 3412, used for the manufacture of round grains consists of two large oak 
drums A EG B, CH FD, l m *75 in diameter, and 0**63 in height. Each or them has only one 
entire end BE, CF: the opposite end AG, HD, being furnished with a circular opening’ U of 
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0“ , G0 diameter in the centre. The two drams are traversed by the same iron axes H), supported 
I H’ tween two strong vertical beams by two copper chains. Two cop|*er discs u«i', 66', fixe*! on the 
iron axis, connect the transverse iron axis I O with the ends E B and C F of the drum, while four 
strong crivss-nieeca, ns A B, keep the whole steady. Each drum lifts a door M, of 0*'35 by 0“*G0, 
dosed with four copper screws, and used for introducing find withdrawing the material. All the 
lower part of the machine is surrounded by a large trough N, furnishe d with inclined copper 
planes, intended to receive the material when withdrawn by the doors, and conduct it into barrels 
placed beneath. 

The drum A E (J B is used for graining, and the other CUFD for glazing the powder. 


3413. 



The filter periphery of the granulator A KGB is furnished with twelve sranll cleats r, j*, r, 
which, during the movement of the drum, move, and cause a small wooden hammer p, fastened by 
a cord to the side of the trough N, to strike constantly on its surface, detaching, by its blows, any 
|>ortinn of the material which might adhere to the drum. A cnp|tcr watering tula? n a, 2 centim. 
in diameter, and 0“ • 40 in length, having one side pierced with very minute holes, enters the 
granulating machine, a little above its axis, and communicates, by a curved copper tube a ms, 
with n forcing pump. This pump, Fig. 8413, is composed of a copper pump-tree 1*, in which n 
perfectly well-fitting piston moves: an iron rod 1 1\ fastened to the upper part of the piston, works 
between two wooden uprights. The piston is set in motion by means of n winch and a rope which 
passes over a pulley fixed to the iron rod. The lower part of the pinup-tree communicates, on tho 
one hand, with a reservoir of water, and. on the other, with the injecting tube smnw; two stop- 
cocks r, /, closing at will the communicating tube*. When the stopcock r is opened and the piston 
raised, the lower i»art of the pump fills with water : if this stopcock be closed and that at r' opened, 
the piston descends by its own weight, allowing the water to escape through tho watering tube 
imnii, 

In order to introduce a charge of the material, the workman removes the door M of the granulating 
machine, and pours in 100 kilogrammes of powder already grained, called the nucleus (noyau), the 
origiu of which will be hereafter explained ; he replaces the door, and sets the machine in motion 
at the rate of ten revolutions a minute. During this motion, the first sprinkling of 5 per cent, 
of water is made ; the fluid thus wetting the nucleus which occupies tlic lower part of the granu- 
lating machine in the form of a fine rain, and the rotary motion of tho drum constantly renewing 
the surface, all the grains are uniformly moistened. 

When the first sprinkling is over, he introduces through the opening U 50 kilogrammes of tho 
mixture as it comes from the mixing machine, inserting 1 kilogramme at a time with a wooden 
shovel, spreading it as evenly as j« «sihle in the drum. The movement of the machine rolling tho 
damp grains constantly among the dry meal powder causes the latter to adhere to their surface, 
ami each grain thus to increase by concentric layers. 

Immediately after, a second sprinkling is made, and then 50 kilogrammes of the ternary mixture 
are gradually added. After allowing the machine to revolve for a quarter of an hour, the work- 
man ascertains if the meal powder is entirely absorlwd ; he then empties the machine, by dropping 
the material into barrels placed underneath. These operations last from thirty-five to forty 
minutes. 

The material, when taken from the machine, is composed of variously-sized grains, which 
require to be separated, or equalized. This is done by shaking tho grains over two leather sieves ; 
the first, called the equalizer (egalisoir), separates those grains which are too large, while tho 
second, the sub-equalizer, allows those which are too fine to pass through. The holes in the equalizer 
are 8““ -4 in diameter. The grains and irregular pieces which do not jwiki through are set aside; 
those which pass through are sifted on the sob-cqnalizer, the holes of which are l mm "2 in diameter. 
There remain on the latter sieve those grains the diameter of which is comprised between 1""*2 
and 3"*** *4, and which are suitable for blasting; they are deposited in a barrel to undergo a subse- 
quent operation. All which passes through the sub-equalizer is CAmpwod of grains smaller than 
1"*’20; it is considered ns a nudnUy because this grain need only 1 m? increased in the granulating 
machine to mako it of tho proper size. As each nitration yields the quantity of nucleus necessary 
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for a succeeding npcmtion, it in sufficient to obtain some for the first operation, for which the 
angular powder, of the nice of musket powder prepared in the stamping machine, is employed. 
The grains which are too large, and the irregular pieces which remained on the equalizer, are 
brokc u by means of the cake, and used as a nucleus for the succeeding operation. 

Blasting powder is glazed ns well as sporting powder, iu order to increase its density. This 
operation is effected in the second drum C II F I>. 200 kilogrammes of equalized grains are intro- 
duced, and it is turned for four hours; by direct experiment it is ascertained when the grain has 
acquired sufficient density. For this purpose 00 grammes of the glazed grains are poured into 
a graduated test-glass; "tho grain is considered as sufficiently glazed when the level of the 
material rises to a certain division in the instrument. The glazed grain is dried in the ordinary 
way. 

Bound wnr powder is man u fact n ml by tho same method, the usual proportion of tho ingre- 
dients for war powder, 25 of saltpetre, 12 5 of sulphur, and 12*5 of charcoal being employed. Two 
kinds of equalized grains are sqKtmted; those of which the diameter is between and 2 n * B, ‘l 
constituting cannon powder; and musket powder, the diameter of the grains of which varies from 
l mm - 0 to 1 " b, 20. 

Analysis of Powder , — The analysis of powder is a tedious and delicate operation, when the pro- 
portions and nature of its components are to lie ascertained very exactly. The first o|>eratinu is 
to determine the proportion of nygromctric water tho powder contains, for which purpose a known 
weight of powder is exposed for several days in a dry vacuum, and the loss it experiences ascer- 
tained; or else tho substance is placed in a U-flhaped tube, kept at a temperature of (HP. or 70°, 
and traversed by a current of dry air. 

Ten grammes of dry powder are then treated with hot water, which dissolves the nitrate of potassa. 
The insoluble residue, composed of sulphur and charcoal, is collected on a small filter, which has 
been previously dried and weighed. When this residue has been properly washed, it is dried with 
the filter at a moderate temperature, and weighed ; by subtractiug from this weight that of tho 
filter above, the weight of the sulphur and charcoal is obtained. After separating, as carefully 
and completely as possible, the substnnee from the filter, it is again weighed in n small bottlo 
and treated with sulphurct of carbon, which may l>e mixed with an equal volume of ether, 
without too much impairing its solvent power. The charcoal which remains isolated is collected 
on a small filter previously dried, and weight'd after a second desiccation, after having been well 
washed in a mixture of sulphurct of carbon and ether. The weight of the sulphur is thus 
obtained by the difference. It may, however, also he weighed directly after evaporating, at a low 
temperature, tho solvent which contains it. The charcoal of the powder is not pure earlion ; it 
contains, as the carbonization is always imperfect, a considerable proportion of oxygen and 
hydrogen : hut, as the chemical nature of the charcoal exerts great influence on the quality of the 
powder, it is important, in an accurate analysis, to ascertain the amount of carbon exactly. An 
idea may l»e formed of the composition of charcoal by the following numbers, obtained from the 
analysis of the rod charcoal used in the manufacture of sporting powder ; — 


Carbon 71*42 

Hydrogen 4*85 

Oxygen and nitrogen 22*91 

Ashes .. .. 0*82 


100*00 

The quantity of sulphur contained in powder may also be determined by operating directly on 
tho powder itself. To effect this 10 grammes of dry powder are dissolved in a small quantity of 
hot water, nitric acid is added, and, after allowing the fluid to lx»il, small quantities of chlorate of 
potassa are gradually introduced. Under the influence of these oxidizing agents tho sulphur is 
dissolved in the state of sulphuric acid, which is precipitated, after the liquid is filtered, by 
chloride of barium. Tho precipitate is allowed to settle, tho clear liquid poured on a filter, and 
the precipitate, after being boiled for a few moments with chlorohydric acid, to dissolve the nitrates 
it might contain, is collected on the same filter and weighed after calcination. 

Ten grammes of dry powder may also be mixed with an equal weight of nitrate of potassa and 
four or five times its weight of chloride of sodium; the mixture being thrown, in small quantities 
at a time, into a platinum crucible, deflagrates slowly, without any loss of tho material. It is 
subsequently treated with water, and tho sulphuric acid is precipitated by chloride of barium, 
after supersaturating the liquid with chlorohydric acid. 

It has also been proposed to dissolve the sulphur of the mixture of Fiilphnr and charcoal, by a 
solution of monotmlpirido of sodium, or of hyposulphite of soda : but this process is useless, because 
the charcoal, being always considerably attacked by these alkaline liquids, gives off a peculiar 
acid, called ulmic add. 

Very frequently only tho quantity of saltpetre contained in powder is to be ascertained. This 
is easily done by treating 50 grammes of powder with 200 grammes of hot water, and filtering tho 
liquid into a test-glass having a mark at the level corresjionding to 500 cnbic centimetres. Tho 
material is washed with water on a filter until the filtrate reaches the level. The liquid is then 
cooled to 60°, the contraction it undergoes by cooling being compensated by the addition of a small 
quantity of water; it is then well shaken to render it homogeneous, and a peculiar areometer, 
graduat'd ho that its level will mark immediately the hundredths of nitrate of (xitassa contained 
in the 50 grammes of powder, is dipped in. In this manner tho proportion of nitrate of |*>tasNa 
may easily be determined, to very nearly a half-hundredth. 

linn-cotton . — The chemical constitution of gun-cotton has been conclusively established by the 
researches of Iladow. In the formation of substitution-products by the action of nitric acid upon 
cotton or cellulose, three atoms of tho latter appear to enter together into the chemical change, and 
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the number of Atoms of hydrogen replaced l>y peroxide of nitrogen in the treble atom of cellulose 
Cj|H M O ll =3(C-H u O,) iiiBy be nine, eight, seven, or six, according to the degree of concentration 
of the nitric acid employed. 

The highest of then substitution-products is trinitro-celluloee, pyroxilin, or gun-cotton — 
C»»{oxo }o„ = 3C||.^ 0 }o 4 ; this being the substance first produced by Pelonze in an impure 
condition, in 1838, by the action of very concentrated nitric acid upon paper, or fabrics of cotton or 
linen, and afterwards obtained in a purer form by Hchbnbein, who employed a mixture of concen- 
trated nitric and sulphuric acids for the treatment of cotton-wool ; the object of the sulphuric acid 
being to abstract water of hydration from the nitric acid, and also to prevent the action of the 
nitric acid from being interfered with by the water which is produced as the chemical transforma- 
tion of the cotton into gun-cotton proceeds. The formation of trinitro-cellulose is represented by 
the following equation ; — 

0.H..O. + 3 {*,,} O = C. {«j 0 J 0, + 3 {«} 0. 

Cotton. Nitric Acid. Gun-cotton. Water. 

The lowest substitution-product for cotton, of those named above, appears to have the some 
composition as the substance which Breeonnet first obtained in 1832, by dissolving starch in cold 
concentrated nitric acid, and adding water to the solution, when a white, highly-combustible sul»- 
htnnce is precipitated, to which tho name of Xylohlin was given. The substitution-products from 
cotton, intermediate between the lowest and highest, are soluble in mixtures of ether and alcohol, 
and furnish by their solution the important material collodion, so invaluable in connection with 
photography, surgery, experimental electricity, and so on. 

According to Hchbnbcin’s original prescription, the cotton was to la? saturated with a mixture 
of one part of nitric (sp. gr. 1*5) and three parts of sulphuric acid (sp. gr. 1 85), and allowed to 
stand for one hour. In operating upon a small scale, the treatment of cotton with the acid for that 
period is quite sufficient to effect its complete conversion into the most explosive product pyroxilin , 
or trin it ro-ccllulose ; but when the quantity of cotton treated at one time is considerable, especially 
if it is not very loose and open, its complete conversion into pyroxilin iB not effected with certainty 
unless it be allowed to remain in the acid for several hours. This accounts in great measure for 
the want of uniformity observed in the composition of gun-cotton and its effects as an explosive in 
the earlier experiments instituted; and it is moreover very possible that the want of stability and 
consequently even some of the accidents which it was considered could only bo ascribed to the 
spontaneous ignition of the material, might have been due to the comparatively unstable character 
of the lower products of substitution, some of which existed in tho imperfectly-prepared gun- 
cotton. 

Tho system of manufacture of gun-cotton elaborated by General von Lenk is founded upon that 
described by Hchbnbein ; the improvements which the former has adopted all contribute importantly 
to tho production of a thoroughly uniform and pure gun-cotton : there is only ono step in his pro- 
cess which is certainly not essential, and about the possiblo utility of which chemical authorities 
ure decidedly at variance with General von Lenk. 

The following is an outline of the process of manufacture of gun-cotton as practised by Link. 
Heo Atomic Weights. The cotton, in the form of loose yarn of different sizes, made up into hanks, 
is purifies! from certain foreign vegetable substances by treatment for a brief period with a weak 
solution of potashes, and subsequent washing. It is then suspended in a well -ventilated hot-air 
chamber until all moisture bos been expelled, when it is transferred to air-tight lioxes or jars, and 
at once removed to the dipping tank, or vessel where its saturation with tho mixed acid is effected. 
The acids of the specific gravity prescribed by Schonbein are very intimatelv mixed in a suitable 
apparatus in the proportions originally indicated by tliAt chemist; that is, three parts by weight 
of sulphuric acid to one of nitric acid. Tho mixturo is always prepared some tunc before it iB 
required, in order that it may bocomo perfectly cool. The cotton is immersed in a bath of the 
mixed acids, one skein at a time, and sfirrfcd about for a few minutes, until it has become 
thoroughly saturated with the acids; it is then transferred to a shelf in this dipping trough, 
where it is allowed to drain, slightly pressed to remove any large excess of acid, and afterwards 
placed in an earthenware jar, provided with a tightly-fitting lid, which receives six or eight skeins, 
weighing from 2 to 4 ox. each. Tho cotton is tightly pressed down in the jar, and if there be 
not sufficient acid present just to cover tho mass, a little more is added ; tho proportion of acid to 
bo left in contact with the* cotton being about 10J lbs. to 1 lb. of the latter. The charged jars are 
set aside for forty-eight hours in a cool place, where they aro kept surrounded by water to prevent 
any elevation of temperature and consequent destructive action of the acids upon the gun-cotton. 
The same precaution is also taken witn the dipping trough, as considerable heat is generated 
during the first saturation of the cotton with the acids. At tho expiration of forty-eight houra the 
gun-cotton is transferred from the jars to a centrifugal machine, by the aid of which the excess of 
acid is removed as perfectly as is possible by mcchouicnl means, the gun-cotton being afterwards 
only slightly moist to tho touch. The skeins nre then immersed singly in water, and moved 
about briskly, so ns to become completely saturated with it os quickly as possible. This result 
is best accomplished by plunging the skeins under a fall of water, so tliat they become at once 
thoroughly drenched. If they are simply thrown into the water and allowed to remain at rest, the 
heat produced by tho union of a portion of the free acids with a little water would be so great as 
to establish at once a destructive action upon the gun-cotton by the acid present. The washing of 
the separate skeins is continued until no acidity can be detected in them by tho taste; they aro 
then arranged in frames or crates and immersed in a rapid stream of water, where they remain 
undisturbed for two or three weeks. They are afterwards washed by hand to free them from 
mechanical impurities derived from tho stream, and are immersed for a short timo in a dilute 
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boiling solution of potashes. After this treatment, they are returned to the Btrcnm, where they 
again remain for several days. Upon their removal they are once more washed by hand, with soap 
if necessary ; the pure gun-cotton then only requires drying by sufficient exposure to air at a tempe- 
rature of about 27° C. to render it ready for use. A supplementary process is, however, adopted 
by General von Lenlc, about the possible advantage or use of which his opinion is not shared by 
others. This treatment consists in immersing the air-dried gun-cotton in a moderately strong hot 
solution of soluble glass (silicate of potassn or soda) for a sufficient period to allow it to become 
completely impregnated, removing the excess of liquid by means of the centrifugal machine, 
thoroughly drying the gun-cotton thus silirated, anti finally washing it once more for some time 
until all alkali is abstracted. Lcnk considers that by this treatment some silica becomes deposited 
within the fibres of the gun-cotton, whioh, on the one hand, assists in moderating the rapidity with 
which the material burns ; and, on the other hand, exercises (in some not very evident manner) a 
preservative effect upon the gun-cotton, rendering it leas prone to undergo even slight changes by 
keeping. The mineral matter contained in pure gun-cotton which has not been submitted to this 
particular treatment amounts to aliout 1 per cent. The proportions found in specimens which 
nave been silicatod in Austria and in this country, according to Lenk’s directions, vary between 
1*5 and 2 per cent. It is difficult to understand how the addition of 1 percent, to the mineral 
matter, in the form chiefly of silicate of lime and magnesia, the bases being derived from the water 
used in the final washing, which art! deposited upon and between the fibres in a pulverulent Torn), 
can influence to any material extent either the rate of combustion or the keeping qualities of the 
product obtained by Lenk’s system of manufacture. 

Gun-cotton prepared according to the system just described is exceedingly uniform in compo- 
sition. The analyses prepared loth in Austria and nt Waltham Abbey have furnished results 

correai ond in g accurately to those required by the formula cJ^q |o 4 . In its ordinary air-dry 

condition it contains, very uniformly, about 2 per cent, of moisture — an amount which it absorb* 
rapidly from the air when it has been dried. The proportion of water existing in the purified air- 
dried cotton, before conversion, is generally about 6 per cent. When pure gun-cotton is exposed to 
a very moist atmosphere or kept in a damp locality, it will absorb as much as from f> to 7 per cent. ; 
hut if it be then exposed to air of average dryness, it very speedily parts with all but the 2 per cent, 
of moisture which it contains in its normal condition. It may be preserved in a damp or wet state 
apparently for an indefinite period without injury; for if afterwards dried by exposure to air, it 
exhibits no signs of change. 

The general properties of gun-cotton as an explosive agent have long been popularly known to 
be as follows; — -When inflamed or raised to a temperature ranging between 137° and ISO 3 C, it 
burns with a bright flash and largo laxly of flame, unaccompanied by smoke, and leaves no appre- 
ciable residue. It is far more readily influenced by powerful percussion than gunpowder; tho 
compression of any particular portion of a mass of loose gun-cotton between rigid surfaces will pro- 
vent that part from burning when heat is applied. Tho products of combustion of gun-cotton in 
air redden litmus paper powerfully ; they contain a considerable proportion of nitric oxide, and act 
rapidly and corrosively upon iron ami gun-metal. The explosion or gun-cotton when in the loose, 
carded condition — tho form in which it was always prepared in the early days of its discovery — 
resembles that of the fulminates in its violence and instantaneous character. In the open air it 
may be inflamed when in actual contact with gunpowder without igniting the latter; in a con- 
fined space, as in a Bhell or in the barrel of a gun, the almost instantaneous rapidity of its explosion 
produces effects which arc highly destructive as compared with those of gunpowder, while the pro- 
jcetilo force exerted by it is comparatively small. 

In 1804 the members of a committee appointed by Government examined a number of minora 
on the question of tho relative advantages of gunpowder and gun-cotton when the latter was used 
in the form of hollow rope. The conclusion arrived at was, that gun-cotton was superior to gun- 
powder, especially when used in solid rocks; hut tlmt, taking into consideration the respective 
prices of the two 'materials, tho extra oare required with the cotton, and the iujuriouB effects from 
inhaling its vapours, it was not the more useful of the two. 

Experiments were, however, made by Thomas Sopwith and P. A. Abel, in 18fi5, with gun- 
cotton made from pulp. 

The gun-cotton used in the experiments was in two forms, granulated and compressed. 

Tho granulated gun-cotton was prepared from gun-cotton pulp, l j y mixing it, when dry, with 
10 per cent, of its weight of gum arubio, dissolved in sufficient water to render the gun-cotton 
operated upon at one time just wet to the touch ; after which the material was shaken for some 
time in a drum. By this treatment tho gun-cotton assumes a granulated form ; the globular 
grains produced vary in size between that of coarse small-arm powder and the coarsest form of 
Llasting powder. 

The compressed gun-cotton consisted of square pieces measuring from } to $ in. across, and } to 
} in. in thickness. These were obtained by cutting up slabs of gun-cotton, prepared from pulp 
compressed to a density of about 50 lbs. the cubic foot. 

The gun-cotton was sent to Allenhoads, for tho experiments, in the form of 1 oz. and $ oz. 
chargps, contained in cylindrical pasteboard cases of 1 in. diameter and upwards. 

The mode of charging the holes was varied somewhat with the direction in which these were 
bored. If they were vertical, or bored at an augle inclining downwards, the paper ease containing 
the charge was inserted into the opening— a size being selected which fitted loosely into the latter 
— and the gnn -cotton was allow til to fall iuto the hole, tho case being gently shaken and squeezed 
to aid the exit of the charge. If tho inclination of the hole was inconsiderable, it was necessary to 
push down the gun-cotton occasionally by means of a wooden rod, especially when tho granulated 
form was employed. Holes which were horizontal, or had an inclination upwards, were more 
difficult to charge, A contrivance prepared for this purpose, but which was not sufficiently long 
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for the horizontal holes in these particular experiments, consisted of a slightly conical tin tube 
about 12 in. long, the external diameter of one end being 1} in., and of the other } in. The narrow 
ojteniug of this tube was plugged with a small piece of cotton wool, ami the charge of gun-cotton 
was poured in at the other end. This wide end was afterwards inserted into the hole, the tube 
being passed into the latter as far as possible, and the charge was then pushed out of the tube by 
means of a wooden rod which fitted tightly into the narrow or outer end of the tin tube. This 
arrangement is similar in its nature to the measure used by the miners for charging the holes with 
powder, and, if made of sufficient length, would probably remove the difficulty which was experi- 
enced in charging the horizontal holes. 

All the holes were fired with the ordinary miner's safety fuze, which was inserted before the 
entire cliargc was introduced, as *n the practice in blasting with gunpowder. 

After the cliarge was inserted into the holes and pressed down with the wooden md, a ping of 
cotton waste was pushed down, for the purpose of carrying to the bottom any particles of the gun- 
cotton clinging to the sides of the hole. The latter was afterwards tamped, as usual, first with 
clay, and afterwards with debris of limestone in a nearly powdered state. 

The experiments in the mines were tried in the upper |>art of the Great Limestone in East 
Cross Vein. The stone is very hard. 

All the holes were nominally 1} in. in diameter. Some of them, in the hard limestone, 
tapered considerably, and would hardly have received 1-in. gun-cotton rope throughout their 
entire length. 

Experiments at Thorn Grtm Quarry. AUmheads . — Right holes were experimented upon in this 
quarry. The first three wero vertical holes bond in ledges left by previous operations, about 2 ft. 
from the face of the ledge. They were numbered 1, 2, and 3, but were fired in reverse order, so 
tliat the work might be equalized. No. 3 l>cing nearest the side face of the ledge, and No. 1 farthest 
from it, but about equally near to a flaw in the limestone. 

No. 3 was 14 in. deep. It was charged with 6 in. of l}-in. gun-cotton rope (= 1*56 oz.), which 
left 8 in. for tamping. The proportion of gun-cotton used was that which the quarrymen lmd been 
in the habit of employing for similar holes. Tho faco was well opened up by the explosion, and 
the work done pronounced highly satisfactory. 

No. 2, 14} in. deep, which now had a side face similar to that of No. 1. was charged with 1 '5 oz. 
of tho compressed gun-cotton, which left 8$ in. for tamping. The report of this explosion was more 
violent than in the case of No. 3; pieces of the stone were thrown into tho air to a great height, 
and tho rock was very much broken up all round the hole. There was decidedly more work done 
than by the former explosion, and fissures were produced running bock in the ledge to a consi- 
derable distance. Tho charge of the gun-cotton used was evidently in excess of tho work to lie 
accomplished. 

No. 1 hole, 14 in. deep, was charged with 1 oz. of tho granulated gun-cotton, leaving 7 in. for 
tamping. In this instance the rock was well broken in all directions, and beyond the depth of the 
hole ; large blocks were pcrfi-ctly separated, and thongh not thrown off to any important extent, 
were readily removed by the men. The work to be performed by this explosion was perfectly 
accomplished, and apparently with a well -proportioned amount of powder. 

No. 4 holo was vertical. 17 in. deep, and 2 ft. 4 in. from tho face. It was a difficult hole, being 
in the midst of very solid rock. Tho men proposed to employ 8 in. of l}-in. ro P° for the holo 
(;= 2*08 oz.). and they would have used 8 oz. of gunpowder. It was charged with 1 ‘5 oz. of the 
granulated gun-cotton, leaving 6 in. for tamping. The work done by the explosion was pronounced 
by the quarryincn to lie not only complete, out in excess of what they would have CXJMOted, from 
their usual experience : a mass of rock, 4 ft. by 2 ft. 4 in., and 14 in. thick, was blowm off the front 
of the face ; the latter was fissured in several places to a depth of about 4 ft. 6 in., and one fissure 
extended backwards, at right angles to the face, about 4 ft. in length. 

No. 5 hole, vertical, was 18} in. deep, and 2 ft. 2 in. from the face. It was very similar in posi- 
tion to No. 4 hole, and considered to present about the same work to be accomplished. It was 
charged with 1 oz. of tho compressed gun-cotton, which left 14 in. for tamping. The work done 
was very similar, and pronounced fully equal to that performed by the 1*5 oz. of granulated gun- 
cotton in the preceding experiment. 

No. 6 hole, vertical, 14 in. deep and 2 ft. from the face, appeared somewhat weaker than the 
two preceding ones, os the faco of the rock exhibited two flaws, one on either side of the hole, 
alsiut 1 ft. and 18 in. to the right and left. It was charged with } oz. of compressed gun-cotton ; 
the tamping amounted to 12 in. Two wide fissures were produced in the face, by the explosion, to 
a depth of about 5 ft., and some fissures (one about 4 ft. long) wero produced towards the bock of 
the ledge. The masses of rock detached by this operation, which admitted of removal by the 
workmen, appeared nearly equal in quantity to the work done in the two preceding operations. 
The quarrymen were greatly astonished at the work done with tho } oz. of material, in a position 
whero they would have employed at least 0 os. of gunjiowder. 

No. 7. This was a horizontal hole, 30 in. deep, in the face of a ledge of the limestone. The 
distance of the holo from tho up|ier surface or bulge was 3 ft. Tho total width of solid rock to tho 
right and left of the hole was 5 ft., there being a vertical fissure on the one side about 2 ft. 5 in. 
from the holo. There was also a horizontal flaw, near tho base, in the block of rock to be operated 
upon. The hole was considered a very strong one by the men. They proposed to employ 10 oz. 
ot powder, or 12 in. of 1^-in. gun-cotton rope (= 3*12 oz.). The hole was charged with 1 oz. of 
granulated gun-cotton, leaving 23 in. for tamping. Uy the explosion a large block of the rock, 
constituting the principal mass of the ledge, situated above tho hole, was detached and moved 
forward aome distance, so that it was easily thrown oft’ by the workmen ; in addition, a smaller 
block, considerably to the left of the hole, was detached, and the rock was broken up beneath tho 
hole, so that a considerable quantity could lie easily removed. The amount of stone detached by 
this operation, with 1 oz. of the granulated gun-cotton, was about 53 cub. ft. 
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No. 8. This was a hole, 2G in. drop, driven nt a slight angle into a faco of the rock which had 
not yet been operated upon. The height of the face alx>vc the hole was nltnut 6 ft., and the nn- 
disturhc<l surface soil was above it. It was charged, in the first instance, with 1 oz. of compressed 
gun-cotton, tho taunting occupying 2IH in. of the hole. The explosion blew only alwut 2 in. off the 
mouth of the hole, but produced vertical fissures, extending to some distance above and below tho 
hole. This hole was afterwards re-charged with 2 ox. of compressed gun-cotton, the explosion of 
which considerably increased the fissures, but the mass of rock was so closed in utton all Bides, 
excepting tho face, that a more considerable charge than 2oz. would evidently have oeen required 
in the first instance (when the rock wa9 quite sound) to effect any important dislodgment. After 
the second charge, the hole was too unsound for further experiments. 

Experiments in the Hines nt Allenhouh. — There is some difficulty in forming nn accurate esti- 
mate of the comparative work done, by different charges of gun-cotton or gunpowder, in tho con- 
fined sjtnce of a drift, or other similar locality ; and the debris of previous blasting operations 
sometimes render it scarcely possible to estimate correctly the work accomplished. 

The following is a brief statement of the most definite observations made : — 

Ten holes had been previously prepared and were operated upon. In three eases of what was 
pronounced to be difficult work, the holes had been driven either in a horizontal or slight) v sinning 
direction into the perfectly sound rock, in positions whero no weakness had been induced by 
previous blasts. The work accomplished by the compressed gun-cotton was pronounced excellent ; 
the rock being removed up to the extremity of the holes. In one of these experiments, in a hole 
18 in. deep, 1 h oz. of compressed gun-cotton wore used, leaving 7 in. for the tamping. Iii another hole*, 
11 in. in depth, f ox. of compressed gun-cotton, with 8 in. of tamping, performed the work allotted 
to it perfectly. In a third hole, 1G in. deep, at the base of the rock, quite apart from previous 
blasting operations, 2oz. of the compressed gun-cotton were used, leaving 12 in. for tamping. Tho 
rock was cleanly detached to tho base of the hole. Tho miners stated that tho usual charge of 
gunpowder for a hole of this kind (about 8oz.) would not have been likely to do any useful work, 
tho position of the hole Itcing a very difficult one. 

Another hole of the same depth as the last, and similarly situated, was charged with only 1 oz. 
of the compressed material. In this instance a length of 10 in. of tho hole was blown away with 
the surrounding rock, leaving C in. undestmyed. 

A hole, 15 in. deep, driven almost horizontally into tho rock, was also charged with 1 oz. of 
com creased gun-cotton. In this instance, again, u portion of the hole was not blown away, but this 
result may have been, to some extent, due to au unsoundness of the hole at the base, which was 
discovered after the explosion. 

Four holes were operated upon, which were known to t»e unsonnd (that is, to pass into cavities 
or fissures of more or less considerable size). Two of these, each 12 in. deep, which were pronounced 
very unsound, were charged with 1 oz. of the granulated gun-cotton. In both instauees, the gases 
resulting from tho ignition of the gun-cotton «<sca|ssl through the fissures in tho rear, and there 
was no destruction. (Tho same kind of failure took place on several occasions, with the employ- 
ment of both gun-cotton ropo and gunpowder, when tho committoo operated upon unsound holes 
nt this place in October, 1804.) 

A thin! hole, 14 In. deep, and unsonnd at the base, was charged with 1 } oz. of compressed gun- 
cotton, and 9 in. of tamping. On this occasion, the work done was pronounced good, the rock being 
blown away to within 4 in, of the bottom of the hole. 

The fourth hole, 12 in. deep, in which the misoundness was less obvious than in the preceding 
three, was charged with 1 oz.of granulated gun-cotton, leaving 7 in. of the hole for tamping. Tho 
work allotted to this hole was perfectly accomplished, the rock being cleared to the MW of the 
holt*. 

These trials of gun-cotton charges prepared from the pulp, though insufficient to furnish con- 
clusive results as regards the merits of tho explosion, when employed in a granulated form, never- 
theless afford sufficient experimental evidence to warrant the following statements ; — 

1. Tho granulated gun-colton pulp (not compressed) a p] wars decidedly more effective as a blast- 
ing material than nn equal weight of gun-cotton in the form of rope. 1 his result is to he asrriljcd 
mainly to tht? greater rapidity of explosion of tho gun-cotton wheu in the form of light granules : 
it may also, in some measure, he due to the circumstance that, iu a hole charged with gun-cotton 
in the form of graius, or small fragments, tho charge is in close contact on all sides with the rock, 
which is not the case when gun-cotton rope is employed, unless tho hole is perfectly cylindrical, 
which it very seldom is. This remark as to the irregular shape of the holes does not apply to 
those made by the boring apparatus of Percy Westmacott, which has been partially »u use at 
AUcnheads Mines, and by which a perfectly cylindrical hole is effected. Tho operation of this 
machine was witnessed by the committee in 18G4, but it has not yet been brought into continuous 
use. 

This form of the material occupies a little more space in a hole than an equivalent weight of 
gun-cotton rope; this circumstance may perhaps somewhat lessen the full destructive j»ower of the 
granulated gun-cotton ; but a careful com{iarisnn of results is yet umled Ik; lore a definite opinion 
can be expressed on this point 

2. Tho cotnpretned gun-cotton, in the form of small lozenge-shaped fragments, exhibited a 
superiority in destructive power over the granulated gun-cotton, which may be ascribed to the fact 
of its occupying leas space, and therefore affording room in a hole for a proportionately large 
amount of tamping, anu also bringing the destructive agent well in rear of the work to l>o per- 
formed. The superiority of the gun-cotton in this form over charges of gun-cotton rope, ns regards 
the comparative ammuit of work done by equal weights of the two, appear* unquestionable. 

3. No decided evidence was obtained of a superiority of the granulated and the compressed 
gun-cotton over gun-cotton rope, when employed in vnsouml holes. 

4. The charging of holes, the position of which was horizontal, or nearly so, with gun-cotton in 
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tho form of granules or small fragments, presented difficulties, to overcome winch, special mechanical 
appliances would have to be used if the gun-cotton be introduced into the hole without ail 
envelope. There is also considerable risk, under these circumstance*, of small fragments of the 
gun-cotton becoming lodged on the side* of the hole, unless their removal can be ensured by care- 
fully cleaning the holes with plugs of cotton waste, hemn, or soft paper, before the tamping is 
proceeded with. The charges might, however, bo inserted into holes in thin paper cases, which 
would obviate the difficulties and possible risk attending the charging of the holes, though it 
would probably do away, to some extent, with the advantage resulting from the tendency of the 
granulated gun-cotton, when employed without a case, to nocommodatc itself to any irregularity in 
the shape of the hole. 

It has been found that the explosive force of gun-cotton may, like that of nitro-glvoerine. be 
developed by the exposure of the substance to the sudden concussion produced by a detonation ; 
and that if exploded by that agency, the suddenness and consequent violence of its action greatly 
exceed that of its explosion by means of a highly-heated body or flame. This is a most important 
discovery, and one which invests gun-cotton with totally new and valuable characteristics ; for it 
follows, as recent experiments have fully demonstrated, that gun -cotton, even when freely exposed 
to air. may l»e made to explode with destructive violence, apparently not inferior to that of nitro- 
glycerine, simply by employing for its explosion a fuze to which is attached a small detonating 
charge. 

The mode of operation is ns follows ; — 

The detonating substance is placed in a tin tube of tho dimensions shown, Fig. 3414, and it 
occupies in the inside of the tube the space from A to B. 

On thiB at C is placed a small plug of gun-cotton, and the rest of the tin tube from C to tho 
open end at D is empty. 

Before leaving the manufactory a small piece of paper is posted on the end merely 
to prevent anything falling into it, ami this pajK-r, so long as it remains, serves to 
distinguish the charged or useful primers, as the tin tubes are called, from empty 
tubes. 

It is in this form that the detonating primers are supplied from the manufactory. 

These primers are, in fact, largo percussion caps, and are to bo handled with care, 
as also to be protected from fire, and from all violent concussion. They explode 
with some violence when ignited, or if struck a violent blow, but with reasonable 
care are quite harmless, as much so as ordinary percussion caps for fowling-pieces. 

They may not only be safely handled, but may be thrown about with any freedom 
short of actual nnd intentional violence. Even when thrown on the ground or allowod 
to fall from a height of 20 or 30 ft., they are in no way affected by such usage. 

When the primer is to be used, the paper cover at D is removed, and an ordinary 
fuze is then inserted, so as to be in contact with the gun-cotton at C. The tube 
is made large enough to receive an ord inary fuze, and ns anon as tbc insertion has 
been made, the tube is pressed close to the fuze by a pair of common pliers. 

This preparation is most conveniently done before entering a mine, but there is 
nothing to prevent its being done in a mine or quarry at any time. 

The charges of compressed gun-cotton are made with a circular hole to receive the 
fuze. Into this hole tho small end of the tin primer is Inserted, instead of the fuze, and this is 
the only difference in tho mode of firing os compared with the usual mode of exploding gun-cottou 
with a fuze. 

It is important to observo that when tho primer is thus used for blasting, it is not necessary to 
fill up the hole by any stemming or tamping ; tho hole may be left perfectly open, and those who 
know how often accidents occur in tho process of stemming or tamping will at one© appreciate the 
saving of time and tho amount of personal safety thus obtained. 

In the case of failure of explosion, accidents often occur from tho minors attempting to remove 
the stemming material. All this is avoided, as after a proper interval of time the fuze with the 
primer attached can he safely and easily withdrawn from the open bore-hole. 

Some remarkable results have been already obtained with this now mode of exploding gun- 
cotton. Large blocks of granite and other very hard rock, and iron plates of some thickness, have 
been shattered by exploding small charges of gun-cottou, which simply rested upon their upper 
surfaces — an effect which will be sufficiently surprising to those who have hitherto believed, as 
everyone has believed, that uneonfined gun-cotton was scarcely to be considered ns explosive at 
all, that it puffed harmlessly away into the air, not exerting sufficient force upon the body on 
which it might be resting to depress a nicely-balanced pair of scales, t-upposing the charge to he 
fired upon one plate of tho scale. Further, long charges or trains of gun-cotton, simply placed 
upon the ground against stockades of great strength, and wholly uneonfined, have been exploded 
by means of detonating fuzes placed in tho centre or at one end of the train, and produced uniformly 
destructive effects throughout their entire length, the results corresponding to those produced by 
eight or ten times the amount of gunpowder when applied under the most favourable conditions. 
M ining and quarrying operations with gun-cotton applied in the new manner have furnished results 
quite equal to those obtained with nitre-glycerine, and have proved conclusively that if gun-cotton 
is exploded by detonation it is unnecessary to confine the charge in tho blast-hole by the process of 
hard-tamping, ns the explosion of the entire charge takes place too suddenly for its effects to lie 
appreciably diminished by the line of escape presented by the blast-hole, some loose sand or 
broken rubbish to hold the fuze in position being all that is required. Thus the mo«t dangerous 
of all operations connected with mining may be dispensed with when gun-cotton fired by the new 
system is employed. 

Abel and 8opwith, in their report upon the use of gun-cotton with the detonating primer, give 
the following as an illustration of the different results obtained by the use of the primer as compared 
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with the explosion of gun-cotton by an ordinary fuze; — A disc of gun-cotton, weighing 1 oz., was 
laid upon a large slab of sandstone, fired by means of the ordinary fuze: it merely ignited with 
a sudden buret of flame, without much noise, entirely without violence, and quietly burnt away in 
about thirty seconds, doing no injury whatever to surrounding substances; but when the somo 
quantity of gun-cotton of the same quality was laid on the same stone, and fired by means of a 
detonating primer, the whole mass instantaneously exploded with a report os loud as a cannon, 
and with an amount of destructive energy which could with difficulty be understood by any who 
hod not quietly seen and carefully examined the result; not only was the stone shattered and 
broken into many pieces, but those portions of it which weru immediately under the charge were 
literally ground and crushed into sand. 

It will readily bo observed that this discovery, which we believe is duo to Mr. Brown, of tho 
War Office Chemical Establishment, is likely to bo attended with the most important results. Not 
merely is the strength of gun-cotton exploded in this way much greater than that of tho some 
substance fired by simple ignition, but it now operates under conditions which were sufficient under 
the old system practically to deprive gun-cotton of its power. 

See Hold no and Blasting. Quarrying. 

GUN MACHINERY, Rifled. Fit., Machine a raycr les canon* de fusil, o u les (touches a feu; 
Gkr., Ziehbank fur (ieschutze ; Ital., Macchina da ru/are ; Span., Mdouina de estriar les caMouet. 

John Anderson, writing in l*. I. M. E., 1802, observes that in the manufacture of guns, morn 
especially of rilled cannon, one great object is to have tho bore of definite dimensions, perfectly 
straight and parallel. Tho difficulty of accomplishing this depends entirely on what is c* msidored 
straightness or parallelism, and on tho closeness of measurement which may l>e adopted. With 
reference to dimensions: if the bore were completed in its I Miring up hi the exact size previous to 
rifliug, it would, from the rubbing of tho rifling block and tho rusting and cleauing after proof, bo 
considerably over tho size when actually finished. Hence it is found necessary to bore only up to 
within an inch of the proper dimensions, and two plug-gauge* are employed for tho 

purpose, one T of an inch under tne proper size and the other exactly the proper size; the first 
is 12 in. long and must pass through the boro like the plug in the Whitworth gauge, while tho 
other should not enter. In working so near there is much liability of exceeding the dimensions; 
hence tho entrance for the final boring tool is made from the muzzle end, where an enlargement is 
of the least consequence. In tho preparation of instruments for such precise boring it is found in 
practice that adjustable cutters arc the most economical and convenient, with {tucking* of tho 
finest paper, which may now be obtained less than one thousandth of an inch in thickness. But 
in every instance these tools wear to some extent Indore teaching the other end, oven if there is 
nothing left for the last cutter in the series to cut away. The farther end of the bore is therefore 
smaller than the other to an extent which is never less than one thousandth of an inch; but this 
difference is not considered sufficient to warrant the risk that would be incurred in proceeding 
from the other end a second time with a newly-adjusted instrument still untried. In dealing with 
muzzle-loading guns the difficulty is much increased in comparison with breech- loading, as tho 
latter afford great facility of arrangement ; and it is to breech-loading guns that tho present paper 
chiefly refers. 

lu order to prepare for the last boring but one, the original bore of the innermost tube becomes 
the basis to work from, on the same plan ns already described with reference to the previous pre- 
)>aratiou of this tube for building up tho gun. It lias lost its truth to some extent by the shrinking 
on of tho exterior tulies, but that is recovered by future steps. A true bearing is then turned 
U|Hin the exterior of the gun at both ends, and it is placed in lienrings on a long saddle in a vertical 
machine. A boring Imr with several set* of cutters is UBed, which works iu bearings at both cuds 
of the gun, and has upon it a block that follows the last set of cutting instruments. The bar 
revolves in fixed tearing*, the guu having a slow motion upwards. There is usually about ^ of 
an inch in the diameter to bo cut out by this preliminary operation, and the aim is to oontinue tho 
Imre up to the required size, namely, °f an inch below the finished dimension, but this is 
seldom done ; care is taken, however, that tho boro is not above the size. It might he supposed 
that the turned bar and bored tearinga would give a round hole, but this is not tho caso unless 
they are perfectly round themselves; hence these portions of the machine are l<x>ked upon a* a 
foundation of truth, and aro prepared os carefully as if intended for gauges. Tho boring bars, 
although made of steel like the gauges, aro constantly wearing, and require vigilant attention to 
keep them up to truth. Tho holo from this boring is generally nearly straight, but nover parallel ; 
hence it is difficult to examine it with gnuges, although no other mode of measurement is of any 
value in giving precise information on so delicate a point. 

The next and last boring is done with the intention of nmking the hole parallel, but with no 
effort at straightness except what is derived from the boro itself as already mode. Tho tool 
employed is a long broaching bar, shown in Fig. 3421, with six cutters A A arranged in two sets 
of thru© each, as shown enlarged in Figs. 3422, 3423. The first throe cutters have all the work to 
do, the second set on entering being adjusted to the same diameter and intended only to scrape any 
of the surface that may bo left from tho first, which i* not much, aa there is seldom more than ono 
thousandth of an inch altogether to be cut away. Both sets of cutters cut ou the side rather than 
the front. The value of three cutters for steady cutting is well known; but it is also found that 
such un instrument is very apt to make a bad polygonal bore unless it copies a true circular form from 
something else. This true circular form, in addition to straightnc** of bore, is taken from the bore 
itself as already made. The transfer is effected by means of the bearing surfaces B B on tho 
broaching block, Fig. 3422, which arc long spiral surfaces made of gun-metal and filling the bore. 
In the curlier instruments it was found that straight tearing surfaces on the broaching block were 
liable to allow the routidnes* of tho bore to Wander Into a polygonal shape; but by twisting tho 
tearing surface* iuto a spiral form round the block, as shown at B B iu Fig. 3422, this liability 
has teen prevented. An ordinary horizontal lathe is tho most convenient for this operation, but it 
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is found difficult to keep the bore sufficiently clear from the cutting; lienee the lathes arc placed 
at a coiihidernblo inclination, to allow a stream of soapy water to How through. 

The bore is now within one thousandth of au inch of being jtarallel, but is never positively 
correct, though considered sufficiently so in the present stage of the manufacture. All the tool 
adjustments for these precise 
dimensions are performed with 
great strictness by a sjHoial de- 
partment; still, with all tho 
care that can be employed it is 
found extremely difficult to 
obtain at once the required 
conditions of correct size and 
roundness, with a straight and 
parallel bore. Tho gun thus 
bored, when examiued and 
passed by the measuring do- 
I»artincnt. is ready for the ope- 
ration of rifling. Without this 
s|*ociul department for measur- 
ing, the quality of the gun 
would speedily degenerate ami 
tell unfavourably on the smooth 
cutting of the grooves in the 
rifling, since the rifling block 
is entirely dependent on the 
t»ore for its parallelism and 
steadiness. 

The foregoing mode of 
boring applies to guns that are 
open at the breech ; but in tho 
case of muzzle-loading guns 
that are closed at the breech 
the approximation to a perfect 
bore is obtained by boring en- 
tirely from the muzzlo and em- 
ploying extreme care in opening 
with a slide-rest; and then by 
having nicely -fitted bearings 
behind tho cutters so as to 
transfer the truth of the muzzle 
onwards, which is accomplished 
to a certain extent successfully, 
but not so perfectly as by tho 
former arrangements. Much 
moro skill in the workmnn is 
required to produce a perfect 
boro ; indeed it is rare to find 
a bore which may bo pro- 
nouncod nearly perfect in tho 
strict sense of the word ; and any 
want of that high condition tells 
severely on tho future opera- 
tion of rifling, when the fitting 
of the rifling block in the bore 
is dependent on the parallelism 
of the boro for its steadiness 
and smoothness of cutting. 

Tho manner of cutting tho 
interior groove® for rifling tho 
gun is independent of the dif- 
ferent descriptions of rifling; 
and in any plan of rifling, with 

J >roper arrangements for trans- 
er from copies, the most recon- 
dite descriptions of grooves can 
bo forrnod inside the gun as 
easily as straight lines on the 
exterior. 

In 1845, somo guns being 
suddenly required to be rifled, 
an ordinary planing machine 
was ex tern | Kiri zed for the purpose, and the required spiral was cut on tho rifling bar. as nhow*n in 
Figs. 3424, 3425, which was left free to revolve in a bearing. The nut for the rifling bar to work 
through was attach'd to the muzzle of the gun, and tho machine being set in motion, its recipro- 
cating action effected the cutting of the spiral rifle groove, and an ordinary dividing plate gave the 
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requisite number of grooves. Such a combination possessed all the elements for rifling guns with a 
simple spiral tiuit was (tamllel at the sides and ou the bottom ; but in practice guns have to be rilled 
with a continually varying twist, with a varying width of groove, with sudden turns, with the shape 
of one side of the groove continually altering 
in form, and with many other peculiarities; 
and hence such simple arrangements will not 
suffice for their production, and other combi- 
nations have to bo resorted to. 

During the last few years an extraordinary 
amount of attention has been directed to the 
subject of rifled guns, and as most of the 
inventions have been carried out in the Royal 
firm Factory (under the superintendence of 
John Anderson), it has been necessary to pro- 
vide for executing any description of grooving 
without having recourse to an el&lmrato copy 
for each in the immediate instrument, which 
is expensive, and usually involves the loss of 
considerable time in getting the gun ready for 
trial. At the same time it may be stated that 
the simple square bar cut in a spiral or twisted 
form, as shown in Figs. 8421, 3425, when it 
can be employed, is the most perfect rifling 
instrument, because there can be no error in 
using it, which is not the case w hen the twist 
of the grooves is dependent on the adjustment 
of a machine that is ready to perform any 
description of grooving. In the construction 
of permanent rifling bars it is now found thut 
a round bar with a spiral groove cut in it 
answers the purpose almost as well as the 
square bar cut into a spiral or twisted form, 
as shown in Figs. 3124, 8425, the spiral groove 
in the; round bar and also the spiral twist in 
the square bar being both cut in an ordinary 
Screw-cutting lathe. Such bars, however, 
cannot readily be applied where the spiral is 



of increasing pitch, where there are sudden corves, where the grooves shunt, or indeed for any 
groove which is not a true portion of a screw. 

In a rifling machine, FigB. 3415. 3416, intended for irregular grooving it is necessary that there 
should lx* facilities for cutting any form of twisted groove, first as regards the sides of the spiral, 
and secondly, as regards the bottom of the groove ; and the two requirgmeuts must be so combined 
that all the cutting may be done at the same time. 

Such a machine is shown in Figs. 3415 to 3420, which represent the rifling machine employed 
in the Woolwich Gun Factory. Fig. 3115 is a general Bide elevation of the machine, and Fig. 3416 
a general plan. FigB. 3417, 3418, are transverse sections to a larger scale, and Fig. 3119 an en- 
larged side elevation of the traversing saddle which carries the rifling bar. Fig. 3420 is a com- 
bined diagram illustrating the principal motions, the tangent bar I which gives the twisting motion 
to the rifling l*ar being hero represented in the vertical plane, in order that it may be seen in 
combination with the copy bar O, which gives the fowl motion to the cutter in the rifling head: 
the lengths are also shortened in some of the dimensions for convenience of illustration, but the 
side elevation and plan. Figs. 3415, 3416, show the correct dimensions and relative positions of 
the various portions of the machine. 

The rifling bur C, Figs. 8415 and 3420, is round and parallel, one end l»cing held firmly in a 
bearing D ou the traversing rnddle E, with a number of collars to take the pull of the cutter ; 
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while the other end i* free to turn end elide in n stationery bearing F near the muzzle of the 
gun O. The longitudinal motion of the rifling bar may be given by any of the planing-marhine 
motions ; that by tho screw H, Fig. 3416, is prelerrod on aeoount of the smooth action which it 


MIS. 




3421. 
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affords. The twisting motion of the rifling bar is derived from the tangent bar I by 3128 . 
mean* of the rack J sliding transversely on the traversing saddle K, and gearing into 
a pinion on the end of the rifling bur C, Figs, 3418, 3419. The tangent bar I can be 
set at any angle by means of the adjusting screw and graduated arc, or can be made 
of any shape within tho limits that the machine is capable of following the quirks of 
the rifling, llenoc to produce any description of twisting in the grooves of the gun 
it is only necessary to employ a tangent bar of suitable pattern for the purpose, 
which will l>e faithfully copied on tho interior of the boro by means of the rock J tracing tho 
1 pattern. In guns where there nro several twists or alterations of form in a single groove it is 

sometimes necessary to have several differently-shaped tangent bars piled one ou tho top of tho 
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other, each of which is used in turn by adjusting the tracing rack J to tho bar to bo copiod ; ami 
iu this way any form, however recondite, can be accomplished as easily as a regular spiral. 

In tho greater number of rilled gnu tho depth of the grooves is uniform, but in others it is a 
varying surface at different positions of the bore ; hence it is necessary to have the cutting instru- 
ment arranged so as to vary in depth as it proceeds along the gun. It is also of im]iortancc that 
the cutter should not rub on tho guu os it returns, since the rubbing affects the maintenance of a 
fine cutting edge on the tool, ami smoothness of cutting is an essential condition. It is therefore 
necessary that the cutting tool shall be in a slide-rest or holder in tho hern! of the rifling bar, and 
capable of being drawn out or in transversely as required. For this purpose tho rilling l*ir C is 
made hollow, and the tool holder in the rifling head K, Fig. 3420, is actuatod by an inclined slot 
L in the internnl feed-rod M, os shown in tho enlarged sections of the rifling head, Figs. 3420, 
3427. By working the feed-rod M longitudinally out or in, a radial motion is given to the cutting 
tool in either direction. 

The feed-rod M projects 
from the other end or tho 
hollow rifling bar C. and its 
longitudinal movement is 
governed l»y tho roller N 
which traces the copy bar O, 

Fig. 3420 ; the form of the 
copy bar O is thus trans- 
ferred by tho lever to tho 
feed-rod M, and hence any 
indentations on the bar () are given to the bottom of the groove in the gun. To prevent the cutting 
edge of the tool from rubbing in its return, an upper rail P is provided, hnving a trap It and 8 to 
open and close at each end in order to allow the treeing roller N to pass. The drawings represent 
the machine in the forward traverse, in the net of cutting a groove in the gun, the arrows showing 
the direction of the motion. During this time the roller X is tracing tho copy bar O ; hut ou 
arriving at the end of the bar tho roller lifts open tho trap R, as shown dotted in Fig. 3420 ; and 
when it has (Kissed the trap, the latter immediately falls and forms an incline for the roller to run 
up in its return course backwards and ride nj>on the upper mil P, thus pushing the feed-rod M 
inwards in the rifling bar C, and thereby withdrawing the cutting tool, which remains withdrawn 
during the whole of the return traverse of tho machine. When the roller N reaches the other end, 
it finds the trap 8 open by means of the balance weight ; but tho roller folds the trap downwards, 
ns Bhown dotted in Fig 3420, thus forming a bridgo to enable it to pass over. The trap is then 
opened again by tho balance weight, and on starting again in the forward motion tho roller drops 
down tho incline T at the commencement of the copy bar O. thus drawing out the feed -rod M and 
thereby advancing tho cutter into its working position. The incline T gives the form to the 
entrance of the groove in tho gun, and is generally of very definite shape. It will thus bo seen 
that any description of feed-motion can lx> given to the cutting tool; and hence by means of tho 
tangent bar I and tho copy bar O any kind of rifling can be accomplished without difficulty. To 
illustrate the capability of the machinery, a specimen rifled tube has been made (shown in tho 
International Exhibition) with grooves cut in four different ways, one of which is spiral and wavy, 
undulating on tho bottom, and hnving the width of tho groove formed with a progressive irregularity. 

For the purpose of advancing the cutter and each traverse so ns to obtain the additional depth 
required in the next cut, tho outer end of tho feed-rod M has a screw and hand-wheel U upon it, 
Fig. 3120, by which the cutter is set up to cut deeper in each successive traverse, until the groove 
is finished to the imbed depth. Tho hand-wheel also affords tho means of taking np the wear of 
the cutter, so that all the grooves are finished to exactly the same depth. When ono groove is 
completed, the gun is turned forwards through the required arc by means of the ratchet-wheel V 
upon the muzzle, Fig. 3117, which serves as a dividing plate, t>eing made with the same number of 
teeth as there are to be grooves in the bore of the gun. 

Experiments have recently been made with another kind of cutting instrument, by which the 
whole of the grooves are made at one time by means of a circular rifling head carrying as many 
cutters ns there are grooves to lie made. A series of these rifling heads arc used in succession, 
following ono behind another on the same bar, each ono cutting the groove ft little deeper than tho 
preceding one, and by pulling through ten or twelve of them tho grooving is effected. This kind 
of instrument is applicable only to breech-loaders, but so far as economy is concerned it is the most 
expeditious of all methods. In some of the rifling tools made on the former plan of withdrawing 
the cutters in returning, eight cutters have been used ; but it is doubtful whether they are more 
economical than a smaller number, as time is lost in obtaining perfect adjustment with so many 
cutters working to one thousandth of an inch. Where no variation is required in the depth of 
the grooves, a rifling head with fixed cutters can be used, ns shown in Figs. 3428, 3429. The 
cutters are here fixed in a block rocking upon a centre pin in the rifling head, to allow them to 
342S. S42». 



clear in the retura traverse, as in a planing machine ; they are set np after each traverse by an 
adjusting screw in the rifling head, advancing the block in which tho entters are fixed. This 
rilling head is for cutting tho grooves in muzzle-loading guns, the cutters being sot to cut inwards 
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from the muzzle towards the breech as the rifling head is pushed down the gun, instead of in the 
contrary direction as in the rifling head previously described and shown in Figs. 3426, 3427. 

The copying principle is also used in drilling the vnrious holes for the sights and other parts 
upon the outaido of tho guns. In a gun which is intended to hit a target at 2000 or 3000 yds. 
distance, the value of the thickness of a line in half the length of the pm is important ; and os all 
the Armstrong guns aro made so that the several parts interchange, afwtnluto precision in tho posi- 
tions of the several holes is essential. Most of the holes have to be drilled on the side of the gun, 
where tho difficulty of entering correctly is greatly increased on account of tho surface being 
oblique to the direction of the holes ; so tout tho drill requires to be guided very steadily, and tho 
ordinary plan of dividing ofT the holes and the use of a centre punch are altogether inadmissible. 
A cast-iron saddle is therefore made to fit upon tho gun and also upon the trunnions, being cast 
in halves, so that the whole of that part of the gun in which the holes have to be made is enveloped 
in it. The saddle is correctly made with copy liolea lined with steel, the several holes being of tho 
required dimensions of the holes to be made in the gun. Cylindrical drills aro employed, which, 
fittiug the holes in the copy, give the utmost accuracy to the sight-holes without any effort. 




GYRATION. Fn., Moure. 

meat giratoire ; Gf.R., Kreitb 
fOrmige Boregung ; Ital,, Uira- 
ziotir ; Span., Botacion. 

The centre of gyration is that 
point in which, if all the mnttcr 
contained in a revolving system 
were collected, the same atujnlar 
velocity will be generated in tho 
same time by a given force 
acting at any place as would 
be generated by the same force 
acting similarly in the body or 
system itself. 

The distance of the centre 
of gyration from the point of 
suspension, or axis of motion, 
is a mean proportional between 
tho distances of the centres of 
oscillation und gravity, from tho 
Mine point or axis. If 8, Fig. 

3430, be the point of suspen- 
sion of any regular or irregular 
body P 8 ; O tho place of the 
centre of gravity ; 0 that of 
the centre of oscillation ; and It 
that of the centre of gyration ; 
then RB = V8UxSG; 
hence, SOxSO = a constant 
quantity for the same body and 
the same piano of vibration 
SQT. If 8G = 25, end 80 
= 36 units of length, then 
8 R = V‘25 x 30 = 30. 

fra Gay*t Conical-Plate Planing Machine . — In this machine the centre of the cutting edge coin- 
cides with tho centre of gyration of the revolving cutter-holder. Ira Gay was an experienced 
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mechanical engineer; ho was born in Dunstable, in the county of Hillsborough, New I [amp* 
shire, U.S. His machine, Figs. 3431 to 3435, for planing board*, plank, and other articles, is not 
of a complicated nature. Fig. 3431 is a front view of the machine ; Fig. 3432, a aide view ; 
Fig. 3433, the plane-stock; Fig, 3434, a section through the centre of the plane-stock; and 


3438. 



Fig. 3435, a section of the plano-Btock cut across m aa to show the plane-iron and the manner of 
fixing it to the stock. A in the main pulley to which the power for driving the planes in applied 
by means of a belt, D, the main abaft on which the driving wheels CC arc fastened. D D, 
upright shafts inclining a little from a perpendicular position. E E, wheels attached to the 
upright shaft D, and driven by the wheels CO. F F the planc-stocks attached to the shaft D D. 
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The face of the plane-stock may be levelled to suit tho views of the operator, but must be levelled 
enough to throw off the shavings freely ; more than this tends to render the surface planed uneven. 
An angle of about 5 degrees from a right angle hi the shaft is a very good inclination. The plane- 
iron is shown at G, Fig. 3435, which also shows the manner of fastening it to the stock by means 
of the screw H. J J arc the receiving and delivering rolls driven by the pulley K. T T, boxes 
for the upright shafts to revolve in. At the top of tho machine is the shaft L for the purpose of 
driving tno receiving and delivering rolls, upon the ends of which are pulleys M M, corresponding 
with those on the rolls over which pass the belts N N. O, the pulley for communicating motion 
to the shaft L. P P are levers attached to the rolls and made to j»ass them together while tho 
boards are passing through tho rolls; these levers are assisted by other levers QQ, connected by 
the rod R R, and weighted as seen at 88. T is a board passing through tho machine and confined 
down to the piano by means of two Bmnll rolls U V, which are adjusted to their proper place by 
means of the rack V and pinion W. X is the frame of the machine. The mode of using tho 
machine is simply to insert the end of the board between tho receiving rolls, after which tho board 
is carried through the machine by means of tho rollers, and planed in its passage. 

Centre of Spontaneous dotation —So matter what tho nature of an impulsive force may be, or 
how that force is applied to a body at liberty to move in any direction, the whole force, when not 
applied to the centre of gravity, is employed to turn the body, and at tho same time the whole 
force is employed to move tho centre or gravity in the direction of such force. To illustrate tins 
important proposition, let A B, Fig. 3436, bo a body placed anyhow, at liberty to move in any way. 
Tho force P, or two forces, each equnl to J P, is c?xcrted at the point A ; P has the power to 
turn that body, and to drive on tho centre of gravity. We M3e 

have then to’considcr the centre of oscillation, the centre 
of percussion, the centre of spontaneous rotation ; we bavo 
nothing to do with the centre of gravity once tho force nets 

upon a lxxly and attempts to move it. If we apply two p -s. 

new opposing forces each equal to $ P at tho same distance j- > f _ _ ^ w 

ns P from the centre of gravity G, they would balance each ^ u 

other, and would not interfere with either the progressive 

or the turning motion. But we shall now consider another 

arrangement of these forces; two \ P’s will drive on tho v 

centre of gravity; the other two £ P’a will turn the body 

round with a force equal to P. $ P at A and } P at B turn 

the body round, and \ P at B and £ P at A have n tendency ~ ^ “ 


tho body round, and } 


\ and i P at A have n tendency 


to give a progressive motion to G, consequently the foree P 
acting at A loses none of its effect to turn the l>ody, nor 
any of its driving effect. What will happen; — The point 
A will advance by two forces, tho force of turning ana the 

force of percussion, while the point B will advance by one A J & * 

foreo = - , and will turn in an opposite direction ; the \ 

result will be the difference, so that the point B will recede ^ f 

while the point A will advance. Therefore this body will 
turn round a point V between G and B, which is called 

tho centre of spontaneous rotation. See Angular Motion. Gravity. OSCILLATION. Percussion. 
HACKLE ou HECKLE. Fu., Sfrun, strin, afranzoir; Geb., lfcchd ; Ital., Pettine ; Stax., 

Itastritiu. 


See Flax Machinery, p. 1498. 

HAMMER. Fb., Alarteau ; GER., Hammer ; Ital., Martelto; Span., Martillo. 

See Hand-Tools. 

HAND-GEAR. Fr,, Lecier a main de distribution ; Geil, Handsteuerunjshchd ; Ital., Mcssa in 
mato ; Span., Palanca de trasmision de morimiento. 

The contrivances in a steam-engine for working tho valves by hand ; the starting gear. 

HAND-PUMP. Fa., Pomp a matin; Gek., Handpumpe ; Ital., Tromba a tnann; Span., Domf* i 
de nu tno. 

A pump situated nt tho side of the fire-box in a locomotive, and worked by means of a lever 
when the engine is standing with steam up. 

HAND-SAW. Fu., Sde a main; Gf.k., Ifantlsdgc ; Ital., Segone ; Span, Scrrucho. 

See Hand-Tools. 

HAND-TOOLS. Fb., Out its a main; Ger., Handwerkzeuge ; Ital., Strumenti da mono; Span., 
Uerramientas de nut no. 

Hand and Foot lathes. — John Anderson, the Superintendent of tho Woolwich Machine Shops, 
in the P. I. M. E., 1862, observes, “ In looking back to the early days of the turning lathe, before 
the introduction of the transfer principle in the sliding rest, it is interesting to observe that even 
then the lathe was a perfect instrument so far ns it was a copying machine; those common lathes 
that were made with a perfectly round spindle-neck, if any such existed, would yield a round 
figure in the article under operation, providing that the cutting instrument was held steadily. 
And even in n still higher degree was correct workmanship attained in the old-fashioned dead- 
centre lathes; if the centre holes in the article to be turned were formed with moderate care, and 
the article held steadily between the centres, then tho surface developed by tho cutting instrument 
when firmly held would be as perfect a circle as one described by a pair of composts 1 */’ 

With such apparatus, however, the chnncos of error were numerous, arising principally from 
the epindle-Becks not lsjing is'rfectly round ; for even in the cost? of modern lathe* a perfect spindle- 
iii'ck is more rarely obtained than is generally supposed. as a close examination will show, the 
[tolygonal form being much more predominant than the true circle. There are lathes, even among 
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those of the most recent make, which have only to bo handled gently to show their condition in 
this respect. Until recently such approximation* to roundness were sufficient ; but the extensivo 
introduction of accurate gaugt* workshops has, besides teaching tho importance of precise 
dimensions, made engineer* familiar with true circles. Hence there is now a much greater appre- 
ciation of positive truth of workmanship, and positive truths are always important; and iu well- 
conducted workshops there is n constant striving after that condition and a gradual closing up of 
every avenuo whereby error can creep in. 

Such extreme accuracy is sometimes thought to be more costly than a less careful system ; hut 
practical men, like Anderson, have arrived at a contrary opinion, and are convinced that while 
extreme accuracy may be more expensive at tho outset, especially from tho want of workmen com- 
petent to carry it out, yet with a little perseverance the advantage arising from it will bo clearly 
jMtreoivod, and the apparently inordinate cost will shortly be brought below thut of less perfect 
arrangements. Many article* after being carefully turned and planed have to undergo a long 
course of filing and Bcraping before they are brought to the required quality of surface; whereas, 
if a small fraction of this outlay were spent in making the copy in the lathe spindle or the copy in 
the plane perfect as patterns, the great expense of subsequent fitting would be avoided. Many 
examples bearing on this point could bo given were it required ; au illustration may be named 
that came under Anderson’s experience in tho inanufjicturo of guns at Woolwich Gun Factory. 
Certain rings about 1 ft. in diameter had to be fitted on corresponding cylinders, and were required 
to be perfectly easy to move, yet without shake, as any looseness in the fit rendered them useless ; 
they hod therefore to fit approximately like tho Whitworth gauges. Several good now lathes were 
tried in vain ; endless scraping and grinding had to be resorted to. Anderson was convinced that 
if the source of roundness were positively round, tho result ought not to bo out of truth. Measures 
were accordingly adopted to obtain perfection of roundness and steadiness in the lathe, at little 
more than the cost of fitting ono of the rings; and the subsequent cost of tho rings was thereby 
reduced from the value of uearly three days* work to less than au hour’s. The lathe spindle 
became a truo copy, the sliding rest a correct medium of transfer, and the combination of the two 
yielded the required truth and rouudnoss. A similar case occurred in the manufacture of a numl»er 
of largo fire-cocks : the sockets and plugs were carefully turned, but they would not resist the 
water pressure without a great deal of scraping and grinding, until the lathe spiudle was posi- 
tively Drought to perfect reundnees, when the turning alone mado them fit with scarcely any- 
grinding. The latnc is a copying machine, and just as its bearing surfaces are so is tho work 
produced. . » 

The apparatus generally employed by wood and ivory turners is termed a foot-lathe, on account 
of its being driven by the foot in the same manner as the common grinder’s wheel ; some arc con- 
structed partly in metal and partly in wood, but thoso mado entirely of metal are far superior to 
these, and arc of the following construction 

A, Fig. 3137, ia the bed of the lathe, upon which two supports, called poppet-heads, rest ; the 
surfaces of contact vary in form, in some beds both are fiat, in others both angular, and iu others 
ono angular and the other flat. 



By many the angular or V beds are preferred, from the idea that the heads are more likely to 
retain their proper position than when resting on piano surfaces; but the latter, when accurately 
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planed and fitted, are quite as worthy of reliance, and far more convenient than the angular-bedded 
lathes. 

B represents the head to winch the chucks are attached, and by means of which the power 
requisite for rotating the work is applied. This poppet-head consists of a strong frame of cast iron 
FBE; in the standard K is fixed a hard conical bearing, in which one end of the mandrel D 
revolves, and by which it is sup]>ortod, the other end resting against the hard conical point of 
a screw placed in a nut at F ; by means of this screw the mandrel is kept tight up to its bearings, 
any tendency of the Bcrcw to shift being prevented by ono or two nuts upon it, which are screwed 
up tight against the standard F. 

At the bottom of the bend is a solid projection, which is made to fit the opening between the 
sides of the lathe-bed, and by which tho parallelism of the lathe-lad and mandrel is maintained. 
The head is firmly fixed in its position by a bolt, which draws a strip of metal up tight against 
the bottom of tho lathc-bed. A number of groove pulleys O are attached to the mandrel, one of 
which is connected with the pulleys 8 on the driving shaft R by means of a cord of catgut or 
gutta-percha, although in a case of necessity a sash-line may be made to answer the purpose. Tho 
catgut is, however, the most satisfactory, on account of its great durability. Tho plan usually 
adopted for joining the ends is to screw on hooks and eyes; tho end of the gut is slightly tapered 
and damped, so that tho hooks and eyes may squeeze the gut into a screw rather than cutting it, 
by which latter tho band would be much weakened. 

It must not bo used until tho gut is dry and hard. Gutta-percha bands arc united by heat, 
tho ends being cut ofT obliquely, thus, , and gently heated by means of a hot piece 

of smooth clean iron, until soft, when they are firmly presses! together, and kept in that position 
until cold. This, of course, necessitates the stoppage of the lathe for some time, besides shortening 
the band every time it is united. 

When the work is too long to bo supported entirely by ono end, a second poppet-head is 
required, which is of the form shown at C; this head is accurately fitted to the lathe-bed, and can 
slide upon it to allow of adjustment to the length of tho work; it is fitted with a clamping screw H 
to fix it when in position, also a conical point I, called a centre, which is movable through a smnll 
space by the handle J, to allow the removal of tho work from the lathe without shifting tho 
poppet-head. The mandrel carrying the centre is fixed after adjustment by the capstan-headed 
screw K. 

The next part of the apparatus to which our attention is called is the rest, upon which tho 
operator supports tho turning tool. There are two kinds, the common rest and the slide-rest; the 
former is that represented in our figure. M L is a short hollow column, provided with a foot 
sufficiently long to retch across tho lathe-bed ; in the bottom of the foot is planed a dovetailed 
groove N, which -retains tho head of a clamping screw O, hut at the B&me time allows of a sliding 
motion when not damped. F rom this it is evident that the rest can be placed and fixed in any 
position. 

Within the hollow column is a cylindrical rod, which carries a straight strip of metal, the whole 
being raised or lowered by sliding tho rod vertically in tho column ; when the proper elevation 
has been attained, tho rest is fixed by a screw working in a thread cut in the thickness of the 
column. 

Tho lathe-bed is supported on standards or frames P P, which also servo to carry tho crank- 
shaft R by means of two conical-pointed screws Q Q, which- enter countersunk recesses in the ends 
of the shaft. The shaft is made with one or two cranks, or throws, according to its length. This 
shaft is also fitted with grooved driving pulleys 8, made of various diameters, in order to obtain 
any speed winch may be required. The pressure imparted to the treadle 
T is communicated to the crank by a link with a hook at each end, or by 
a chain ; some turners preferring tne former, and others the latter. 

Wo now proceed to consider tho meant* by which the work is held in 
the lathe and caused to rotate with the mandrel. 

Fig. 3438 represents the fork, prong, or strut-chuck, so called from the 
steel fork or prong o, which is fitted into the square socket of the chuck ; 
this chuck is uses! for long pieces, the point supporting ono end of the 3439 . 

work, tho other Wing supported by the back centre. The chisel edge* on 
each side of the point take hold of tho work and ensure it* rotation. The 
fork Wing fitted into a square recess in the chuck may W replaced by 
drills, Ac., or small piece* of wood or ivory to bo turned. It is usually 
made of metal, and attached to the mandrel by an internal screw corre- 
sponding to that on the nose of the mandrel. 

Fig. 3439 represents tho hollow or cup-chuck ; it is used for holding 
short pieces, or pieces that are to W turned out hollow. Its inside is turned 
slightly conical, so that the work may bo driven tightly into it. 

This chuck is usually made of boxwood, sometimes strengthened by a 
metal ring round the mouth of it; but this is scarcely necessary, as a very 
slight blow is sufficient to fix tho work if it has previously been reduced to 
a form nearly approaching the circular by the cliiscl, paring knife, or other 
hand-tools. 

Fig. 3440 represents the face-plate or facing chuck ; it may be made of 
iron or other suitable material. 

This chuck is turned flat and perfectly true, and is fitted at it* centre 
with a conical screw to hold object* to be turned on the face. This chuck 
can only be used when the hole made in the work is not objectionable, or 
can be plugged up. Tho screw should only be very slightly taper, otherwise tho work will not 
hold when reversed. 
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Fig. 3441, a chuck for flat work, where a hole in the centre would be detrimental. It is a face- 
plate with three or more small spikes projecting from its surface to penetrate the material to be 
wrought, which ia held against it by tho back centre. 

A plane face-plate ia used where tho work cannot bo conveniently fixed to either of the two 
foregoing, aa in the case of thin pieces of horn, tortoiacsholl, and so on. The work is attached by 
means of glue, or of jewellers’ or turners’ cement. 
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Fig. 3442 represents tho arbor-chuck, usually made of brass. It is used for holding small 
hollow works or rings. 

For very small work, Fig. 3438 ia useful for holding the arl*>rs in the place of a strut a. 

Fig. 3443 represents a spring-chuck which is used for holding very slight work that requires to 
be hollowed out. 

It is turned conical externally, tho apex of tho cone being to tho left. A few holes a a aro 
drilled through the chuck near its base and at equal distances from each other. Fran these holes 
saw kerfs or slits are ent longitudinally to the front of the chuck, which allow the chuck to ex|Mnd 
slightly to take a firm hold of tho work, and when the work has been forced into the clmck, the 
grip is rendered still more firm by drawing a strong ring towards the front of the chuck. 

These chncks arc sometimes made of wood, but those of metal arc much neater and moro conve- 
nient ; they may be made of a piece of brass tube firmly driven on a wooden block. 

A similar chuck is used for holding hollow work, hut instead of being provided with an exter- 
nal ring, it is fitted with a short solid plug, which is forced forwards after the chuck has been 
inserted into the work. When long and slender pieces have to be turned, an extra poppet or a 
support is required to keep the work from shaking, or chattering, as it is termed. It is generally 
made of wood, and is formed similar to Fig. 3444. It consists of a head, in which is bored a hole c 
of the proper dinmetor, and a toil-piece fitted to the lathe-bed and sufficiently long to receive an 
apertnre b, through which a wedge may be passed to 

hold it down firmly upon the lathc-bea. 2 4 ' 3445 - 

Another and more convenient form of support is 
shown at Fig. 3445 ; a is a cast-iron frame, haring 
a foot fitted to the lathe-bed and furnished with a 
bolt and nut by which it is firmly bolted down to 
tho lathe-lied ; 6 is a block of wood fitted into the 
frame, where it is secured by tho cross-bar c. An 
aperture of tho required diameter is now bored in 
the block; it ib then taken out of the frame and 
sawed in half. w> as to form a top and bottom l>earing : 
d shows a section of the frame ; any other form of 
groovo may bo used, but we have selected tho V on 
account of the ease with which tho blocks may bo 
fitted to them. One great advantage of the latter 
apparatus is, that the two bearings may be brought 
together when tho hole is worn. When a slide-rest 
is used, this additional support .should be attached 
to it; it will then keep close to that part of the 
work on which tho tool is acting, bv which a more 
satisfactory piece of work is turned out, and tho 
trouble of shifting the poppet avoided. The appli- 
cation of a little grease to these bearings will some- 
times be fonud beneficial. 

An apparatus called a boring collar, somewhat 
similar to that just described, is used for supporting 
the ends of pieces of which the ends are to be bored, 
and which are too long to be held by the cup-ohurk 
alone. It consists of a plate similar to a face-chuck. 

Fig. 3440, through which a number of conical holes 
arc bored, whose centres are equidistant from the 
centre of the plate, so that when the latter is turned 
on its axis any liolo can be brought exactly in a 
line with the two centres. The plate may be attached to a standard similar to either of tho 
foregoing. 

It may sometimes occur that the work to be turned, as a wheel, the foot of a stand, and so on, 
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may bo rather trio Urge fop the lathe ; in thin cone it is convenient tn have frames truly plane! and 
fitted. Such a frame is shown at Fig. 34-17. It is made of cast iron, tho top being fitted to the 
Imttrnn of tho poppet, and the bottom lieing flttrd to 
the lathe-bed, rare being taken that the mandrel is 
retained parallel to the lathc-bed. Tho rest may be 
blocked up in a similar manner, nr a temporary rest 
may bo mode of a pieco of bar-iron bent to a suitable 
form. 

In some eases it will be convenient to have a self- 
acting slide-rest, as for turning largo screws, spirals, 
and an on. The slide-rest is shown in Figs. 3148, 344!). 

Fig. 8448 is an elevation, and Fig. 3443 is a plan, a is a slide which fits the lathe-bed very 
accurately, but will yet slide freely uixin it, and in a direction exactly parallel to the axis of the 
object to be turned. ft is another slide fitted to the lower one and sliding upon it in a direction at 
right angles to the lathc-bed. It is worked by a screw attached to tho lower slide, which gears 
into a nut fixed to the bottom of tho alkie ft. Upon the slide ft is fitted a small slide r, upon which 
the turning tool is fixed by means of a clamp. This slide is moved in a direction parallel to tho 
lathe-bed bv means of a screw attached to tho slide ft, gearing in a similar manner to that in the 
slide a. The whole slide may be moved along tho bed either by hand or by means of a screw 
running along tho side of the l>ed and gearing into a nut made 'in two halves, so that it mnv be 
thrown into or out of gear by closing or owning the nut. The use of this screw, which is called’ tho 
lending screw, requires a different form of fixed |K»ppet-hcad, and constitutes what is called a screw- 
cutting lathe, on account of its suitability to that process. 
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The poppet-head generally fitted to self-acting lathes is represented in Figs. 3450 to 3452. 
'i is a Bide elevation, ft a plan, and c n front elevation. This head is fitted with spmx) pulleys /, 
which may bo made fast to the mandrel, so as to drive it direct or loosemd, and geared by a tooth- 
wheel with the shaft < 7 , which again gears into the mandrel, which is supported in bearings at each 
end. The wheels on the shaft y aro thrown ont of gear with thoso on the mandrel by sliding the 
shaft endwise in its bearings. It is retained in or out of gear by a pin passing into the bearing, 
which rests against a groove turned on the shaft y. On the end e of the mandrel a toothed wheel 
is slid and retained there liy a nut. This wheel may act directly upon another placed on the end 
of the leading screw, or may be connected with it by means of ono or two intermediate wheels, 
according to tfie speed required and the direction of the intended screw. 

It is evident from this arrangement that any ratio between tho speeds of the mandrel and lead- 
ing screw may lie obtained either for cylindrical turning or screw- cutting. 

Fig. 3453 is a very complete double-gear foot-lathe, with planed bed, standards, anti-fric- 
tion treadle, with chain, crank, and driving wheel, liand-rest, face-plate, drill-chuck, and two 
centres. 

Fig. 3454 is of a single-gear foot-lathe, with planed bed, standards, anti-friction treadle, with 
chain, crank, and driving wheel, hand-rest, face-plate, drill-chuck, and two centres. 

Fig. 3455 is of an amateur's lathe, with fast and loose headstnek, hand-rest, and metal 
table. 

Fig. 345C is of a compound slide-rest ; another arrangement of compound slide-rest is shown in 
Fig. 3457. Figs. 3437 to 3152 are employed to illustrate principles; Figs. 3453 to 3457 are not 
fancy sketches, but of machines manufactured in the highest style by J. and II. Ciwynne, of Ham- 
mersmith, and by William Muir ami Co., of Manchester. 

Figs. 3458, 3459, are two views of Benjamin Merritt’s machine for boring angular holes. B is 
the frame of the machine, 1) is a driving shaft, and EE lievel-gear for ootnmunicating motion to 
the operating shaft. The novelty of Merritt's boring machine consists in attaching around the 
operating shaft of an ordinary boring machine a cam H, on the under-side of which is a path of 
the form of the hole to be bored. In this path runs a truck attached to a box having a rack and 
pinion which give motion to the hollow mam shaft as well as to an inside shaft. To the bottom of 
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Fig. 3459. having cutters on opposite sides so Arranged that when tho main shaft rotates, the inner 
shaft, by the operation of the travelling track in the earn, turns one-half way round, causing tho 
cutters gradually to project from tho line of the circular hole to tho angle, as at J J ; the opera- 
tion of the two cutters being simultaneous, the angles are thus cut to form the angular hole. 

Dividing Machines are for marking the divisions upon mathematical and other instruments, 
common rules and scales, glass tubes, ic. ; they are of two kinds, designed respectively to divide 
tho straight line and the circle. 

Machines for Dividing the Straight Line . — The principal part of these machines consists of a screw 
of from 15 to 24 in. in length, the pitch of which is some exact measure of on inch, or some other 
chosen unit ; in French instruments the pitch is always eaual to 1 millimetre. It is obvious that 
the accuracy of this screw determines the merit of the machine. 

The screw is placed horizontally through a fixed shoulder, and works into a female screw, to 
which the dividing instruments are attached ; the frame C, Fig. 3460, bearing these instruments, 
slides upon guides parallel to the axis of the screw. It will be seen that when the screw” is turned 
in the required direction by means of a crank, tho female screw advances a linear quantity pro- 
portional to tho angular quantity turned by the screw. The part C is furnished with a tracer to 
mark the divisions; when the divisions have to bo marked upon metal, the tracer or graver is of 
steel, but in tho case of a glass tube a diamond is required. The piece to be divided is placed 
parallel to the screw upon a fixed table, and at a convenient distance. The graver may be raised 
by turning it about an axis parallel to the screw, during the time the latter is in motion ; when 
the screw has revolved sufficiently, the graver is pulled down upon the piece to be divided, and a 
motion perpendicular to the axis of the screw is imparted to it by pressing it gently upon tho 
piece in order to mark tho division ; the part to which the graver is affixed being arranged to movo 
perpendicularly. 

The general arrangements which we have described al>ovo are those which are adopted for all 
kinds of engines for dividing the straight line. But these kinds differ widely from each other with 
respect to accessory means employed for regulating the distance and tho length of the division- 
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marks. As we cannot describe every modification of engine, wo will select ono which seems to be 
contrived in the most rational manner. 

Fig. 34(30 represents the machine used by M. Salleron, whose instruments are justly esteemed 
throughout France for their accuracy. A A is a metal slab upon which the part C slides. The 
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screw runB down the middle of this slab, and is turned by the crank M. B B is the plane table, 
also of metal, upon which the piece U It to be divided is placed. This table turns about the 
point n, so that by means of the thumb-screw the piece may be brought exactly parallel to the 
motive screw. The graver T may bo slightly raised by turning about the axis Im ; at the samo 
time, the part iklm may turn about the axis i k. In this way the graver may be brought into 
contact with the piece to be divided at the farthest point its construction will allow ; then pressing 
the graver gently upon the piece, the part iklm returns of itself to its original position, and tho 
graver marks the division. 

The motion of the graver is regulated by the following arrangements : — To tho port iklm nro 
fixed two vertical pieces o and A. Parallel to the piece o is auother vertical piece turning about 
its lower end ; this piece is not shown in the figure, but the wheel b which it bears on its upper cud 
is there represented, as well as the little plane d with which it is provided laterally. This thin! 
piece is jointed to tho frame by means of the horizontal piece t. It follows thnt when the graver is 
brought forward by turning the frame iklm about » A, the third piece turns about its lower end, 
and its upper end is thrown forwards, either by the plane d meeting the end of a fixed screw v, or 
by the wheel b coming in contact with the end of a screw o working in tho piece fixed to the frame. 
When, on the contrary, the frame is brought back towards its position when at rest, the third piece 
to which we have already alluded, turns in the contrary direction about its lower end, and its 
upper end is thrown backwards, either by the plane d meeting the end of a fixed screw c' or by the 
wheel b coming in contact with the end of the bctcw o'. Let us suppose, in the first place, that wo 
have to trace a series of divisions of equal length ; tho distance of the screws e and v is regulated 
so that the stroke of the graver may be of the required length, and the screws o and o' arc with- 
drawn, so that the wheel 6 may not come in contact with them. The plane d strikes, in this case, 
alternately against the screws v and v'; the excursions of the frame iklm arc thus regulated in a 
constant manner, and the graver traces divisions of equal length., Suppose now it is required to 
trace divisions of unequal length, a longer one for every fifth, for example. Tho excursions of tho 
frame will no longer be regulated by the plane tf, because the screws v and r' will have been 
sufficiently withdrawn : in this case they will be regulated by the wheel 6. This wheel is provided 
with notches. When tho portion of its circumference between two notches crimes in contact with 
the screws o and o', the excursion of the graver is small and it marks a small division ; but if the 
screws o and cf enter a notch, the excursion of the graver is greater and it marks a longer division. 

To regulate these long and short divisions, there is upon the axis of the wheel A a small ratchet- 
wheel r, which is furnished with it. A click at the end of the piece A works into the teeth of this 
ratchet. When the graver is brought forward, tho end A is brought bock, the click presses upon 
the ratchet and turns the wheel 6 ; when the graver returns to its place, the click escapes from tho 
teeth of the ratchet without turning it. It is evident that at each division traced, the wheel b 
turns by a certain quantity, and this quantity is regulated in such a way that at each fifth division, 
for example, the wheel b presents one of its notches to the screws o and o', which causes a longer 
division to be marked. A microscope at m enables the operator to see whether or not the divisions 
Rre marked regularly. Various means are provided to ensure to the motion of the graver a direc- 
tion exactly perpendicular to tho axis of the motive screw. 

Let ns now examine the mechanism for regulating the interval of the divisions. The wheel E 
upon the axis of the screw is divided into 100 parts; hence when it turns by n divisions, the screw 
advances by n hundredths of a millimetre. By means of a system of gearing we may turn tho 
wheel E by the crank M and observe the number of divisions of this wheel which pass a fixes! 
point. But in order to render the operation independent of the attention of the operator, an arrange- 
ment has been devised for regulating the interval somewhat automatically, thus avoiding a chance 
of error. This arrangement is represented in plane by Fig. 3461. Tho axle of tho crank M is 
independent of the screw V. Upon this axle is fixed a ratchet-wheel It having 100 teeth. 
Opposite and upon the axis of the screw is fixed a similar wheel R'. The first is provided with a 
click c (represented apart) which works into the teeth of the second. If the crank is turned in the 


Digitized by Google 


1804 


HAND-TOOLS. 


direction of tho arrow in Fig. 3400, a direction which wo will call direct, tho click of the wheel H 
presses against the teeth of tho wheel R', and tho crank thus turns the screw ; but if the crank is 
turned in tho direction contrary to that of tho arrow, a 
direction which we will call inverse, the click slides over 
tho teeth of the wheel R' without turning it. The screw, 
therefore, turns only when the crank turns in the direct 
direction. Tho wheel R bears, opposite its 100 teeth, 100 
equal divisions ; opposite tho zero of these divisions is fixed 
a stop b. A second similar stop 6' is affixed to the end of an 
index placed botween tho two wheels upon tho axis of tho 
crank. By varying the |x*»ition of the index, we may easily 
regulate the angular distance which separates tho two stop*. 

These stops meet two projecting pieces c and e' upon a rule 
K H moving between guides in the direction of its length. 

When the crank turns in the direct direction, the motion 
continues until tho stop 6 meets tho projection <\ placed in 
its way; when the rotation takes place in tho inverse 
direction, the motion continues until the stop b’ meets the 
projecting piece e\ It is evident that the motive screw 
can advance only by tho quantity corresponding to the 
angular sjiace of tho two sto]>a, and that by an alternating motion, limited by the projecting pieces 
themselves, the operator moves the screw forward by rigorously equal quantities regulated before- 
hand. If, for example, it lie required to move tho screw forward half a millimetre at a time, wo 
tmve only to place the index so that the augular tqiaro which separates the stops shall lie exactly 
180' 5 . Tho plane of tho upper face of one of tho projections being supposed to coincide exactly 
with tho lower face of the other, in order not to be obliged to consider tho thickuess of the 
projections. 

This arrangement is sufficient to ensure tho equality of the spaces which separate! the divisions 
whenever this spaco does not exceed 1 millimetre. But if the interval is to exceed 1 millimetre a 
special arrangement is required ; this arrangement is the following; — 

Upon the axle of the crank is an endless screw «, working into tho end of a lever L, which turns 
about an axis O. The other end of this lover works into a straight rack upon the rulo K H. Con- 
sequently the motion of tho crank drives tho rule backwards or forwards in the direction of its 
length. All that is required, therefore, is to regulate the interval of the projections so that the 
stop b may meet the projection e at the end of a murder of turns and a fraction of a turn correspond- 
ing to the spaco which is to separate tho divisions, the stop 6' being in contact with tho projec- 
tion r* at tho beginning of the motion. 

By means of these arrangements we are able to mark divisions, the interval of which may vary 
from of a milliinftre to several millimetres. 

Machines for Diriding Circles . — In these machines the circle to be divided is placed eoneentrieally 
upon a horizontal plateau or table, capable of turning about an axis passing vertically through its 
centre, and put in motion by a tangent screw by means of a cranic. A graver moving in tho 
direction of the diameter, in order to be capeblo of reaching tho limb, whatever the radius of the 
circle may be, traces divisions directed towards the centre. Fig. 34<J2 shows this arrangement, 
A is the table turning about a vertical axis, tho lower end of which may be seen in z ; B is tho 
circle to be divided, placed concentrically to the 
table; ed and ef ore guides parallel to a dia- 
meter of the table, and ufton which the part C, 
similar to that of Fi^j. 3400, slides, carrying a 
graver which moves in the direction of a dia- 
meter ; M iB tho crank which turns the tangent 
screw V, which screw imparts motion to the 
table. This screw is furnished with a con- 
trivance for regulating the length of the in- 
tervals similar to that which we have described 
aIjovc. By means of this contrivance we regu- 
late tho quantity by which the tangent screw 
is to tuni, and consequently the angular quan- 
tity by which the table A is to turn for each 
of the divisions to bo traced. This table bos 
usually 720 teeth, each ono of which, conse- 
quently, answers to half a degree. Its axis is 
a steel frustum of a eone resting upon a spring 
in a bronze socket fixed to the support T. 

The chief difficulty of the operation consists 
in properly centring the circle to Ikj divided. 

To do this, it is first fixed U|xm tho table with 
wax, and tho distance from every |*>int in the 
circumference of the circle to tho centre of the table carefully measured. When this distance is 
the same in all points, the circle is fixed with a mixture of wax and resin, and the operation of 
dividing tho limn proceeded with. Tho operation of centring is a delicate one, but it is indis- 
pensable, especially when it is required to divide tho limb of an instrument used for astronomical 
purposes. 

Impaled Wood Seres r ami Driver . — The slotted head of the common wood screw is frequently 
split when much force is required to scat it or to remove it, and every mechanic has been annoyed 
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by the slipping off of tho screw-driver blade from the head of the screw. To provide a remedy for 
these objections is tho object of P. N. Jacobus, the inventor of tho screw and driver shown in Figs. 


3 objections is tho obift 

34G3, 3464. Tho screw-head has throe y-sbaped notches cut equidistant in the edge, instead of 
tho single-cross slot. Tho screw-driver, seen in perspective in Fig. 3463, has three correspond- 
ing jaws which by a simple arrangement automatically open and close upon tho acrew-head, 


Fig. 3404. 




Tho stock A is intended to fit into a bit-stock, and is hollow for tho larger part of its length, 
and has three longitudinal slots iu which slide the jaws B, all moved simultaneously by a sliding 
ring C, with which they engage. They are opened and closed by moans of tho incline of their 
forward portion sliding through corresponding apertures in the collar end of the implement, desig- 
nated by D in Fig. 3463. 

When held in an upright position, tho jaws down, tho combined weight of jaws and ring causes 
them to fall, and the points or the jaws open sufficiently to receive the head of an ordinary screw. 
Now, if pressure is exerted, the at/x-k is forced down and the jaws compressed, griping the acrew- 
head with an energy proportioned to the force exerted ; the harder the pressure the greater the 
tenacity of tho grip. The edges of the jaw -points, when they are seated on the screw-head, project 
sufficiently to cut a countersink to seat the head, preventing the necessity of using n separate tool 
for this purpose; in fact, unless in very hard wood, there will be no necessity for previously boring 
a hole to receive the screw. When the screw is nearly home, tho driver may be raised and the 
head driven to its seat. In removing a screw this driver is equally effective. One advantage of 
this device may not be apparent at first sight — that is, the absolute connection between the screw 
and driver, which will enable the workman to drive the screw into wood at any angle, perfectly 
governing its direction. The increased strength of the screw-head from this style of construction, 
the certainty of grip on the screw, and tho entire control over tho course of tho screw, are the 
important features of this little device. 

Stiver's Hand Machine for fiorimj 
\Vheei J/nh*. — Fig. 3465 is a per- 
spective view of a self-centring 
hub borer, which adjusts and 
holds the hub in rxwition while 
being bored, ami forms a square 
shoulder in tho hub at the bottom 
of the bore. Tho chuck frame 
consists of three equidistant radial 
arms, having dovetailed slots in 
which slide the jaws A, having cor- 
rugated grips or faces for engaging 
with the surface of the wheel hub 
and holding it firmly. That por- 
tion of the jaw that projects above 
tho radial arms is a nut B, in 
which works a screw, the outer 
end of which is squared to receive 
a wrench C, and tho inner end 
carrying a bevelled pinion en- 
gaging with a bevel-gear turning 
loosely on the shank of the spider 
or jaw frame. By this means, 
whichever screw is turned, the two 
others, by the medium of tho 
pinions on their ends, ami the 
central gear, must have a com- 
mon and simultaneous movement. 

Thus the iaws will be advanced to 
or recoded from the centre in |>er- 
fcct accord, and bring the centre 
of the hub cxnctly coincident with 
the centre of the machine. 

That portion of the jaw-chuck 
tbove the wheel D is screwed to 
a stock E, both being hollow to 
receive a boring mandrel F, car- 
rying a cutter at its lower end. 

The upper portion of this mandrel 
is threaded with a screw of aliout ton to the inch, sufficient for ordinary feed for wood catting, and 
lias a handle similar to that of un auger. The fetd-nut O with which tho mandrel thread engages 
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is of peculiar construction. It is seen plainly in Fig. 3466. The nut is in two halves, A, which 
slide in a dovetail slot cut across a circular bed-piece B. The whole is covered by the cap. Fig. 
3467, and the half nuts are moved to or from the screw by a pin or screw in each projecting into 
semi-spiral slots A in the top of the cap. Pins on the lower portion of this cap are seated into au 
annular channel on the boss of B, Fig. 3466, so that the cap may be turned without lifting from 
place. This combined nut and cap is held in place in tho stock whon the machine is iu use, by 
a thumb-screw H, Fig. 3465, that fits in an annular groove on the shank of the circular bed-piece 
or block B, Fig. 8466. 
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Fig. 3468 is a gauge for determining tho depth of the hole to be bored ; seen also at I, Fig. 
34G5. It has an oblong hole, a portion of its interior being threaded to fit the screw of the man- 
drel ; and on the opposite side is a gib, also tbreadod on its end, fitting in a chamber, and moved 
to place by a thumu-scrcw. These opposite threaded portions prevent injury to tho screw of the 
mandrel when tho gauge is set up. 

When a hub is to bo bored, too gauge is secured on the mandrel at a proper height above tho 
cap of the feed-nut to boro the required depth of hole in the hub. Tho hub being held in tho 
jaws, the mandrel is turned, tho tool being fed by the feed-nut at the top of the stock E, until the 
gauge comes in contact with the cap of the nut. The set screw H is then slightly loosened, which 
permits the feed-nut to turn with the mandrel, and a few turns of the handle forms a perfectly 
square shoulder at the liottom of tho hole. To withdraw the mandrel from tho bored hub, it is 
only necessary to give the cap of the feed-nut a alight turn to the left, separating the two halves 
of the nut, when the mandrel can be lifted out. 

Improved Joiners' Plane . — Tho objects of the invention of G. Buck el, shown in Fig. 3469, are to 
give a control over the thickness of the shaving and depth of the cut by the pressure of the hand, 
and to prevent the drag of the bit 
on the board when the piano is 
drawn back. Tho stock of the 
plane is mode in two parts, the 
upper portion A, which holds 
the bit, being pivoted to the 
lower part B at the rear end by 
a screw 0 passing through metal 
guide-plates it on each side the 
plane. The front cud of the upper 
portion is raised from the lower 
portion by means of a spring E, 
which, when the pressure of tho 
haud on the front of the plane is withdrawn, lifts the upper portion together with the bit or 
plane-iron. The amount of this movement is governed by the thumbscrew F. 

Adzes, Axes, and Hatchets . — An adze is a hand-tool used by carpenters for chipping. It is 
formed with a thin arching blade, and has its edge at right angles to tho handle. The edge 
is bevelled only on the inside, and the handle is easily removod when the tool is to be ground. 
Fig. 3470 is of a carpenter’s adze; Fig. 3471 a ship-carpenter’s adze; Fig. 3472 a cooper’s adze; 




Fig. 3473 an improved wheeler’s adze; Fig. 3474 a spent adze; Fig. 3475 a cooper’s adze, with a 
sexagon eye ; and Fig. 3476 a cooper’s nail adze. Tins hand-tool, to bo perfect, must have the 
centre of gyration of the moving mass in the cutting edgo. 


Digitized by Google 



HAND-TOOLS. 


1807 


An axe is a hand-tool usually of iron, with a steel edge or blade, for hewing timber, chopping 
wood, and so on. It consists of a head with an arching edge, and a wooden helve or handle. 
Fig. 3477 is of a colonial felling axe; Fig. 3478 an Australian felling axe; Fig. 3473 a wheeler’s 
axe; Fig. 3480 a north country ship-axe; Fig. 3481 a Dutch side-axo; Fig. 3482 a Brazil axe; 
Fig. 3483 a broud axe ; Fig. 3484 a Kent axe ; Fig. 3485 a Scotch axe ; Fig. 3486 a blocking 


3462. 


3431. 


3480. 3470. 


3478. 3477. 



3492. 




axe; Fig. 3487 a coachraaker’s axe; Fig. 3488 a cooper’s axo; Fig. 8489 a long felling axe; 
Fig. 3490 a common ship axe; and Fig. 3491 a Kentucky wedgo-oxe. This important tool must 
have either the centre of percussion or centre of gravity of the moving mass directly over and 
in the plane of the cutting edge. Fig. 3492 is of a Canada hatchet, handled ; Fig. 3493 an 
American shingling hatchet, with claw ; Fig. 3494 a shingling hatchet, with hammer head ; Fig. 
3495 an iron-handled butcher’s cleaver; Fig. 8496 a bright meat chopper; Fig. 3497 a Norfolk 
and Suffolk single-cdgo bill, tanged and handled ; Fig. 3498 a Yorkshire socket bill ; Fig. 3199 a 
socket lopping bill ; Fig. 3500 a Nottingham tanged bill, handled ; and Fig. 3501 a strapped switch 
hook, single or double band. When the cutting edge is required to throw chips, the plane passing 
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Tin nnd Coppersmiths' Tools . — Fig. 8512 is ft block hummer: Fig. 3513 a concave hammer; 
Fig. 3514 a rivet set; Fig. 3515 ft groove punch ; Fig. 351G n hollow punch; Fig. 3517 a teapot 
neck tool ; Fig. 3518 a tea-kettle bottom stake; Fig. 3519 u kettle lid swage ; Fig. 35*20 a funnel 


3611. 3513. 3514. 


3515. 3516. 3517. 


35 18. 


3519. 




etako ; Fig, 3521 a side stake ; Fig. 3522 a tinman and brazier's horse ; Fig. 8523 a beck iron ; 
Fig. 3524 a saucepan bellie stake ; Fig. 3525 n grooving stake ; Fig. 3526 a creasing iron. 

Fig. 3527 follies; Fig. 3528 stock shears; Fig. 3529 block shears; Fig. 3530 a bottom dosing 


3537. 
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hammer-head! ; Fig. 8544 a sledge hammer-head ; Fig. 3545 a contractor’* hammer-head for 
stonework : Fig. 3540 a hammer-head for riveting; Fig. 3317 a mason’s hammer-head ; Fig. 3584 
a shingling hammer-head ; Fig. 3543 a ship-carpenter's hammer-head ; Fig. 3550 a roach- trimmer’* 


3543 . 




hammer-head; Fig. 3551 a saddler** hammer: Fig. 3552 a London glazier’s hammer; Fig. 3553 
a lathing hammer ; Fig. 3554 a farrier’s shoeing hammer ; Fig. 3555 a plumber’s hammer ; Fig. 3556 

5 z 2 
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ft slater's hammer, with pick and claw ; Fig. 3557 ft brick hammer ; and Fig. 3558 a fireman's 
hatchet or tomahawk. 


3656 . 356 ?. 3658 . 



Tho handle of a hammer most bo to formed and fixed that an operator may deliver blows 
without shock to his hand and arm ; in this caw tho centre of percussion of both head and handle 
and the point struck must bo in the lino in which the centre of percussion is forced to move. It 
often happens that the centre of gravity or tho centre of gyration of a hammer has to be directed 
on a given point ; this is effected by giving to the head and handle peculiar shapes. 

Fig. 3553 is on arrangement of a hammer for striking bolls. The spring below tho hammer 
raises it out of contact with the bell after striking, and so prevent* it from interfering with tho 
vibration of the metal in the bell. 

Fig. 35t»0 is of h tilt or trip hammer. In this the hammer helve is a lever of tho first order. 



Fig. 8561 exhibits the mechanical combinations of Grinudmw's compressed air hammer. Tho 
head of this hammer is attached to a piston A, which works in a cylinder B, into which air is 
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admitted— like steam to a itCMOI^giDO — above ami below the piston by a slide-valve on top. 
The air is received from a reservoir C, in the framing, supplied by an air-pump D, driven by a 
crank on the rotary driving shaft K. 

The succeeding examples indicate how the power of hammers may l>o calculated. 

Example . — Suppose a hammer 11, Fig. 8562, strikes a nail N, and drives it | of an inch, the 
hammer weighs 11*58 lbs., and in delivering the blow it passes over the space Q X = 10 ft. 
in a second : required the force in pounds delivered by the hammer upon the head of the nail. 
10 ft. : 1" :: 4 » 5 ft. : |L", Hence the time occupied in driving the nail 1 of an inch cannot bo 
lets than of a second = t. 


m — 


11*58 

"324 


*36; 


F = “ x e = 30 x 480 x 10 = 1728 11m. 


.*. The force in pounds delivered upon the head of the nail is nearly = a ton. 

Let us take another example, and suppose a large hammer, weighing 1930 lbs., moving with a 
velocity of 40 ft. a second, and to strike a mam of iron which it indents ; the indentation is $ in. 
deep with a surface area of 16 sq. in. ; after the* blow is struck the hammer rebounds 2 - 5 ft. What 
is tna force in ponnd* delivered on the tq. in. by a blow of this hammer? § in. = ^ of a foot; 
then 40 ft. : 1" : : ft. : jdbi”; hence the time occupied in making the indentation cannot be leas 


than ^ of a second. But F = — x r. (See Essential Elements of Practical Mechanics, by 

1930 

the Editor of the present work.) The mass of this hammer = = 60; then in this case 

F=jxr = 00 x 900 X 40 = 2304000 lbs., which is the force in pounds delivered upon 16sq. in. 


; 96000 units of work in the 


2304000 , , IA/U1 ,, . . . 40’ x 1930 

.*. — — — = 144000 lbs. on each square inch. - i# - 

hammer (Essential Elements of Mechanics, p. 97). 1930 x 2*5 = 4825 units of work in the rebound 
of the hammer ; hence 96000 — 4825 = 91 175. Then if x be the area ft. the depth of the iron 
displaced by the blow, we have x x 144000 x -jL = 91175 units of work. .*. x = 15*196 sq. in. 
the area for a uniform depth of } in., as if the in»ti was displaced by a punch. 

•Sue. — A saw is an instrument for cutting and dividing substances, as wood, iron, and so on, 
consisting of a thin plate or blade of steel, with a series of sharp teeth on one edge which remove 
successive portions of tho material by cutting or tearing. See Saws and Sawing Machinery. 



no 



Fig. 3563 is a hand, panel, and ripping saw ; Fig. 3564 is a grafter saw ; Fig. 3565 a tonon saw ; 
Fig. 8566 a dovetail saw; Fig. 3567 nn iron bow-saw ; and Fig. 3568 a turning saw in its frame. 
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Coopers* Tools . — One of the few thing* that man haa jierfected is the barrel, hogshead, or cask ; 
it can be filled, emptied, and removed from place to place with greater ease than any other form 
of hotly containing au equal quantity. Figs. 3569 to 8571 aro of coopers’ drivers for tightening 


3363. 


3570. 3571. 


3573. 3573. 



the hoops of a cask ; Fig. 3572 a cooper's punch ; Fig. 3573 a cooper’s chisel ; Fig. 3574 a hung 
borer; Fig, 3575 a cooper’s froc; Fig. 3570 is a cooper’s two-hand round shave; Fig. 3577 a 
cooper's round shavo ; Fig. 3578 a cooper’s shave, and Fig. 3579 a cooper's shave-iron ; Fig. 3580 
a common spokes have, and Fig. 3581 a common shave-iron ; Fig. 3582 a cooper's jigger knife ; 
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Fij?. 3383 ft Iendon jigger knife ; Fi K . 3584 ft brewer'* gimlet; Fig. 3383 » Conner', vine ■ 
* lg. H.. 81 , n cooper s bick-iron, used principally for punching holes in hoop iron - nn<l Fie 3387 
a cooper s flagging uon, * 




T drawing «,uare; Fig 3583 an ordinary with ft 

" 7 ' ***• 3590 a common brass-mounted square; Fie 3301 a mitre en'n.r*. w;„ ■ 

a bricklayer, »,r, arc, london pattern; Fig. 3393 a 
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Engraver? Tbols. — Fig. 3597 is of a square graver ; Fig. 3598 a lozenge graver ; Fig. 3599 a tlat- 
odgo graver; Fig. 3G00 a bent square graver; Fig. 3601 a bent lozenge graver ; Fig, 3602 a round 


3597. 



graver; Fig. 3003 an oval graver; Fig. 3604 an engraver’s knife; Fig. 3605 a flat ovol graver; 
*ig. 3606 a flat engraver’s chisel; Fig. 3607 a half-round bent engraver’s chisel ; Fig. 3608 a flnt 
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ecooper; Fig. 3G09 ft round scooper; Fig. 3(510 n double needlo; Fig. 3C11 an etching point; 
Fig. 3013 ft twisted etching point; Fig. 3013 a scraper ; Fig. 3614 an oval burnisher; and 
Fig. 3015 a round burnisher, bent. 

3410 . 



Metal-tuming Tools. — The turning of metal is effected by a slow motion, comparatively 
speaking, with respect to the turning of wood, ivory, jot bone, which require in moat cases n rapid 
motion ; yet wood-turning tools require a less obtuse angle to form tho cutting edge than the tools 


3616 . 3617 . 3614 . 3619 . 3630 . 3631 . 3622 . 3623 . 3624 . 3625 . 




employed to turn iron, brass, or steel. Tho planes forming the cutting edge of metal-tuniiug tools 
make a solid angle which generally exceeds (XT. Figs. 3610 to 3G32 are of a set of turning tools 
for metal, Figs. 34*31, 3632, being especially for screw cutting. 

Files awl Rasps . — A file is a steel instrument having the surface covered with sham-edged 
furrows or teeth, used for abrading or smoothing other substances, as metals, wood, and so on. 
A file differs from a rasp, in having the furrows made by straight cuts of a chisel, cither single or 
crossed, while the rasp has coarse, single teeth, raised by the pyramidal end of a triangular 
punch. 


« 
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A butard file ia a file intermediate between the coarsest and the second cut. Figs. 3633 to 8650 
show the various cuts of tiles and rasps 12 in. long; the cuts of longer and shorter tiles are larger 
and smaller in proportion. See Flle-CUTTINQ Macuixeby. 



bastard. 


.Second Cut. 


Smooth. 
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Fig. 3651 is of a smooth noodle file ; Fig. 3652 n round-off file ; Fig. 3053 a three-square 
taper file; Fig. 3651 a bastard knife file; Fig. 3055 n bastard ri filer ; Fig. 3656 a saddle-tree 
rasp ; Fig. 3057 a round rasp ; Fig. 3058 airimprovod shoe rasp ; Fig. 3059 a horee mouth rasp. 



365 -. 



The effective rower of the file resembles that of the saw. which has the power of a 1 » 
wedge not encumbered by the friction of one of the faces. The angle of the faces of the , 
wedge is formed by the direction of the applied power and a tangent to the teeth. The 
diagonal position of the furrows of the file gives an additional shearing wedgo power. i 
Chisels, Gouges, ami Planes. — Fig. 3660 ia of a shipwright's sharp iron chisel ; Fig. 3661 ! 


3660 . 

3661 . | 
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a ship slioo ; Fig. 3602 a turning chisel ; Fig. 3663 n turning gouge ; Fig. 3664 a bookbinder's plough 
knife; Fig. 3*563 a common plane-iron ; Fig. 3666 a round nose plane-iron; Fig. 3667 a cut 
plane-iron ; Fig. 3668 a round ntwo double plane-irod ; Fig. 3669 an ordinary double plane-iron ; 










Grecian Ogee 
Rakitig Square. 



Grecian Ogw* f 
with Square. 



Fig. 3670 a trying piano ; Fig. 3671 a smoothing plane ; Fig. 3672 an ovolo said* plane, to stick 
and rebate ; Fig. 3673 a rabbet dr square plane with skew eye : Fig. 3674 grooving irons : 
Fig. 3675 a cooper's jointer iron ; Fig. 3676 a coachm&kor’g J iron ; Fig. 3677 u skew rabbet iron ; 
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Fig. 3078 hollow and round rabbet irons; Fig. 3670 a striking knife; Fig. 3080 n carpenter’* 
drawing knife; Fig. 3681 a oxiper'w staff knife; Fig. 3682 a mast shave ; Fig. 3683 a London 


3674. 3675. 3676. 3677. 367s. 3679. 



3696. 
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cooper’* hollowing knife ; Fig. 3684 a common chiaol ; and Fig. 3685 a common gouge, fixed to 
it* handle. 
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Fig. 3705 a snail horn countersink ; Fig. 370G u rose-bead countersink : Fig. 3707 a flat-head 
countersink; Fig. 3708 a brace turnscrew: Fig. 3709 a bobbin bit; Fig. 3710 a taper bit; 
Fig. 3711 a wu-h bit; Fig. 3712 a shell bit; Fig. 3713 a nose bit; Fig. 3714 a spoon bit; 
Fig. 3715 n square ruder ; Fig. 3716 a half-ronnil rimlcr; Fig. 3717 a gimlet bit- Fig. 3718 
a cooper’, dowling bit; Fig. 3719 a universal ball ratchet brace; Fig. 3720 a self-reeding 
ratchet brace; Fig. 3721 a treble-motion ratchet brace; Fig. 3722 Calvert’s ratchet brace; 
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Print CuttcrJ nnd Carrrri Tool*. — Fig. 3739 is a black canring chisel : Fig. 3740 a skew 
carving chisel ; Fig. 3741 a flat black carving gouge; Fig. 3742 a medium black caning 
gouge; Fig. 3743 a black carving gouge for scribing; Fig. 3744 a deep black carving 
gouge; Fig. 3745 a black straight fluting gouge; Fig. 3740 a black bent fluting gouge; 

3740 . 3741 . 3742 . 3744 . 
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Tig. 3747 a straight porting tool ; Fig. 3748 a bent parting tool ; Fig. 3749 a spoon bit parting tool ; 
Fig. 3750 a spoonbit or entering chisel ; Fig. 3751 a skew spoonbit or entering chisel ; Fig. 3752 
a medium black carving gouge; Fig. 3753 a spoonbit or entering gougo for scribing; Fig. 3754 a 
deep spoonbit or entering gouge; Fig. 3755 a back bent spoonbit or entering gouge; Fig. 3756 
a veining tool ; and Fig. 3757 an unshouldcrcd print cutter’s chisel. 
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Tanners and Curritrt Hand- Toots. — Figs. 3758, 3759, tanners’ knives ; Fig. 3760 a currier’s knife ; 
Fig. 37GI an improved currier’s knife with screws; Fig. 3762 a skinner’s round moon knifo; Fig. 
3763 a saddler’s knife; Fig. 3761 a ship scraper. 


Miscellaneous Hand-Tools. — Fig. 3765 a boiler bear; Fig. 3766 a boiler cramp; Fig. 3767 an 
improved cramp for joiners, pattern makers, wheelwrights, or railwny carriage builders; Fig. 376S 
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a wrought-iron parallel vico ; Fig. 3709 an improved spanner ; Fig. 3770 Fenn’a spanner ; Figa. 3771, 
3772, aerew-koya; Fig. 3773 a key spanner; Fig. 3774 Clybum’a spanner ; Fig. 3775 Budding’s 


37 ». 3770 . 




spanner : Fig. 377G nn improved cylinder wrench ; Fig. 3777 a joiner a or carpenter a mallet ; 
Figa. 3778 to 3780 calking irons; Fig. 3781 n brad or nail punch; Fig. 3782 a tumscrew, London 
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clock pliers; Fig. 8906 cutting nippers; Fig. 3807 nipper pliers; Fig. 3808 vice chop sliding 
tongs; Fig. 3809 sliding dog-nosed tongs; Fig. 3810 an improved saw set; Fig. 3811 a bent 
carpet strainer; Fig. 3812 a pinking iron ; Fig. 3813 a box whirl drill stock. 

Cbmpaue* and Callipers.— Fig. 3814 plain compaaaes; Fig. 3815 wing compasses; Fig. 3816 
spring callipers; Fig. 3817 inside and outside callipers; Fig. 3818 improved insido and ontsido 


3307. 



callipers ; Fig. 3819 engineers’ beam dividers ; Fig. 3820 is a dccimnl mm gauge. The eccentricity 
of a movable cam which is finely graduated shows the diameter of any small body which is held 
between a circular movable pin and the edge of the cam. The index always points to the centre 
of the circular pin or stud, and shows the normal distance between the surface of that stud and the 
surface of the cam. Bee Compasses. 
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Trotcrls. — Fig. 3821 is of a mason’s trowel; Fig. 3822 a London brick trowel; Fig. 3823 a 
pointer’s cutting trowel ; Fig. 3824 plasterers’ trowels ; Figs. 3825, 3826, plasterers' moulding tools. 
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tagging hook ; Fig. 3831 an Irish sickle with square heel ; Fig. 3832 a bean hook : Fig. 3833 
a pea hook; Fig. 3834 a United States’ Yarrick sickle; Fig. 3835 a Russian sickle; Fig. 383G a 
Spanish sickle ; Fig. 3837 a <Tcrman sickle ; Fig. 3838 a Poland sickle. The sickle has the power 
of the cam and saw combined; it acts on a small sheaf or bundle of grain collected by the left hand 
and tho bay near the handle of the instrument ; tho small sharp teeth which point to the reaper 


3 * 31 . 



do not retard the process of gathering the grain. The reaper with his ri^t ^d drawee mckle 
towards him and brings the hollow toothed -cam into contact with the stalks, which he rota, or 
rather saws, with great ease on account of the shape of tho instrument and his own physical 
formation. Fig. 3839 ia of an ordinary aheop-aheara ; Fig. 3840 an unproved aheefraheara. eeo 

A C,RI CULTURAL IMPLEMENTS. 
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Fi(f. 3854 is of a lifting or hoisting cmb; Fig. 3855 an improved traversing jack; Fig. 3856 
Haley's screw-jack ; Fig. 3857 a tripod jock. 

We have represented with geometrical accuracy hand-tools of great d (liability, formed to effect 
the objects for which they are designed with ease, accuracy, and precision. Most of our illustrations 
me of tools manufactured by Alexander Mathiesou and Son, of Glasgow, who, ns tool-makers, 
stand first in tho first class. This firm havo reduced the hardening and tempering of haud-tools to 


3854 . 3 * 57 . 



a science, which can only bo acquired by 
mnch thought and an extensive experience ; 
their planes and boring tools, in particular, 
have acquired a well-deserved and exten- 
sive fame. There are many points of ex- 
cellence in the larger tools manufactured 
by Mathiesou and Son to which we shall 
hereafter refer in onr article Machixk 
Tools. 

Knifing JfucAme, Figs. 3858 to 8860, in- 
vented by J. F. Stephenson. This design 
is new, and possesses many advantages 
over the inode generally in use, namely, 
chucking on the lathe. One man is able 



to set this tool. Fig. 3858, and face two 

valve-seats in anout an hour, and without d— ^ 

breaking the dome-cover joint. Fig. 3858 is a cross-section of a dome cover, with the tool in 
position for working. Fig. 3859 is an elevation of the tool itself. Fig. 8860 is a section, showing 
the knife for cutting the mitre. A', Fig. 3859, is a plan of nut A. The action is easily expluined : 
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thus, referring to Fig. 3858, hold the nut A by the stalk and pass it under the bridge of the valve- 
seat B ; screw the pillar 0 into the nut A, then place the box handle D, which carries the cutter E, 
which is bored out to receive the spring F, on to C. Screw the nut G, Fig. 3859, to supply the feed 
to E, then the tool is in perfect order for facing the top of the valve-soot ; when that is completed, 
change the cutter E, and insert another cutter E', as shown in Figs. 3858 to 3860, to give the proper 
mitre for the valve to rest ujmju. This tool is valuable in railway establishments, as safety-valve 
seats frequently require facing. 

Fig. 38451 is of a hand-]K)wer bench drilling machine, by Muir and Co., of Manchester, caps bio 
of drilling holes } in. diameter, 3 in. deep, in wrought or cast-iron and steel, tip to 1 ft. diameter 
by hand-power, consisting of independent framing, securely bolted to the foundation, which serves 
ns a table for articles to rest upon while under operation. This hand-tool has a cast-steel spindle, 
with parallel bearings, and feed-motion attached ; it is worked by a square-thread bcfcw ana hand- 
wheel at tho top of the machine. It is furnished with a large’ fly-wheel, adjustable handle, and 
wood ferrule. It haB a driving shaft and bevel-gearing for the spindle, and chuckB for holding tho 
drills and nut-keys. See Agricultural Implements. Alloys. Anvil. Artesian Well. Aigek, 
p. 203. Awl. Barrow. Batea. Bellows. Bench. Blast Furnace. Borlno and Blakhno. 
Construction, p. 1034. Crowbar. Electro-Metallurgy. Forge. Grindstone. Machine Tools. 
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HANGER. Fr., Pulier pendant ; Ger., ffangefoger ; Ital., Sostegno sospeso ; 8p., Soporte suspend ido. 

When hangers with long bearings were first introduced, the attempt was made to use long 
boxes for line and countershaft journals, as well as for oil others, but tho warping and shrinkage 
of the girders anil ceiling joints to which hangers are almost invariably secured soon threw the 
boxes out of line, and had a tendency to bind the shafting, and left no alternative but to return to 
tho short box, unless some device could bo found whereby the box would be free to adjust itself 
to the shaft regardless of tho position of the hotly of the hanger. Among a variety of contrivances 
designed to accomplish the above object an application of tho universal-joint arrangement was 
considered the best, as it is one of the cheapest, of all that possess the necessary requirements. 

The manner of applying the principle to line-shaft hangers is shown in rig. 38452. The box, 
being secured within the ring and between the two arms of the hanger by the four set screws, is 
free to turn in any direction, and tho clearance between tho different parts admits of its being 
moved sideways, or up and down, so as to bring the Bhaft into exact line when tho bodies of the 
different hangers are nearly in the required position. A section of box, ring, and drip-cap is shown 
at Fig. 38453, which may be used as shown in Fig. 3862, or in a bracket of the form shown at Fig. 
38G4, or in a plummer-block, Fig. 3865. 

At Figs. 3866, 38(57, a countershaft hanger is shown in which tho same self-adjusting device 
is employed, but as only two set screws instead of four are used, the boxe3 are not adjustable. When 
these hangers are in use it has been tho practice to make the journals from 3} to 4 diameters in 
length, to chamber ont tho boxes, and line them with anti-friction metal. 

At Figs. 3868, 3869, a self-lubricating journal-box, applicable to tho same hanger, is shown, 
in which it is proposed to return the oil from the drip-cup to the shaft by means of the two loose 
rings, A A. 

F>g*- 3870, 3871, show a line-shaft coupling, which, with the exception that tho cones are 
liable to stick fast, may well be pronounced faultless. This method was first introduced by 
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tho shaft without disfiguring it with key-ways or set-screw marks, that they will run true when 
set, and that they can bo changed to different sized shafts by simply changing the cones. 

C. F. T. Young gives credit to A. Shanks as the original inventor of the system of hangers 
illustrated in Figs. 3473, 3474. The hanger employed by Shanks in 1848 is shown in Figs. 3873, 
3874 ; a is the hanger ; 6 is the portion carrying tho bearing for tho shaft ; c, the bearing ; d d t the 




set screws by which tho lino of tho shaft can l>c readily adjusted ; e, end of the shaft ; and /, 
tho set screw bv which the horizontal position of the shaft and bearings is adjusted. By this 
menus vertical, horizontal, and all other motions are attained, and the shaft thereby cosily sot and 
maintained in its proper jtoeition with very little trouble. 

HARBOUR. Fa., Port; Ger., Porten; Ital„ Porto; Span., Puerto. 

The Ai.nERT Harbour at Gkkenock. — The following account of tins harbour is taken from the 
Minutes of I*. I. C. E., 1883. The minute to which wo allude is No. 1082, entitled “ Structures in 
the Sea, without Coffer-dams,” by Daniel Miller. 

In bringing forward this paj>er tho engineering objects D. Miller had in view were to treat of 
the various methods of constructing the foundations of quay-walls, piers, or breakwaters, for tho 
formation of docks and Imrlxmrs in deep water ; to describe works of this kind carried out on prin- 
ciples different from those usually practised; and to point out the further application of these 
principles to other works of a similar nature. 

The formation of these works has usually required the adoption of very expensive means : and 
an easy and economical mode of building such structures, so ns to combine tho various conditions 
necessary to ensure solidity and capability of resisting the mechanical forces to which they oro 
subjected, and also the destructive action o( exposure to the elements, ’tho boring of marine worms, or 
the corrosive action of salt water, has been hitherto a desideratum. 

Several methods of founding works in deep water have been practised ; but there are objections 
to most of these systems, arising either from their expensive nature or from defects in the durability 
of the structures. Tho plans which have been employed are ' 

Founding on piling carried up to alxmt the level of low water ; 

Constructing within cnisons or coffer-flams ; and 
Building under water by means of diving apparatus. 

Tho first method has serious defects, both in deficiency of strength and of durability, as tho 
piling is often insufficient to regist the lateral pressure from behind tho wall, and the heads of the 
piles being exposed to tho alternate action of air and water soon decay, when the weight of the wall 
nbovo rapidly completes the failure of the whole structure. Where there ore marino worms this 
mode is quite inapplicable. Instances of the failure of such works will occur to many. Referring 
to the Clyde River, for example, nearly all the older quay-walls of the harbour of Glasgow were 
built on this principle, and have given way from the decoy of the piles, or have required very 
expensive repairs to keep them up ; and at' Port Glasgow Docks tho walls, which were also built 
on that system, gave way from the lateral pressure forcing them out shortly after completion, 
greatly to the injury of that port. 

The most usual mode ndoph-d, where works of great solidity are required, is to resort to coffer-dams 
and to pump out the water from the enclosed space, so that the foundations ami the walls may lie 
constructed ns on dry land. This is certainly most effectual, hut it is at the same time generally 
expensive, ami it is often not unattended with danger. In many cases, too, from the nature of tho 
strata, it is almost impossible to form an effective coffer-dam. The construction of coffer-dams, 
moreover, frequently requires much engineering skill, besides involving great exfiense; ami when 
it is considered that they are only wanted for a temporary purpose, it must be conceded that it is 
an ohioet of great iuqiortnnoe to devise sonic mode by which their use can he obviated, and solid 
and durable works can bo executed without their aid. 
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The system of bnilding under water by means of dicing bells and dicing dresses has boon practised 
to a considerable extent, and the improved apparatus now used gives great facilities for this kind 
of work; but it is only applicable under particular circumstances, and it is also costly, besides being 
liable to cause delay in tho progress of tno work. The Dover Breakwater, Fig. 3875, is an example 
on a large scale of this mode of construction, but it is also An instance of the vast sums which may 
be expended on this system. 

In bridge building a great innovation has Iwn 
made in the construction of the piers without the 
aid of coffer-dams, and the French engineers have 
been, until lately, in advance of this mode of con- 
structing such works. Tho plan they pursue was 
introduced by Vieat in 1813; it consists in forming 
enclosures of close piling, or “caissea sans fonda,” 
of the shape of the pier, up to about low-water level, 
and filling in with hydraulic concrete, or beton, on 
which the upper part of the piers is built in the 
usual manner. Some important bridges in France, 
aud many of those across the Seine at and near 
Paris, such as tho Can-ousel, Jena, Austerlitz, 

Alma, and Asnibrcs, have the piers formed in this 
way without coffer-dams. These works of the 
French engineers, however, being in some instances 
a combination of timber and concrete, cannot be 
said to possess substantiality and durability, and a 
change vraa necessary in order to enable them to compete with stone structures built in the usual 
manner. Tho modes recently adopted in constructing the piers of the Westminster and the 
Chelsea Bridges without coffer-dams have effected this, and these works are examples of success 
iu departing from rules without reason, and in applying scientific principles to the practice of 
bridge building. 

Application of Concrete . — In this mode of construction, Wton or hydraulic concrete has played an 
important part, and it also forms a leading feature in the plans for marine works. 

Coucrete, though employed in Roman and medUeval times, was allowed to go out of uso, and 
since then it has not until recently been much recognized as a constructive material by the engineers 
of this country, who have, for marino purposes, placed their faith chiefly in works of eyclopean 
masonry, constructed within coffer-dams, or built under water by the dicing bell. The French 
engineers deserve tho credit of having lieen, for a longer period in modem times, alive to the valno 
of beton os an important auxiliary in hydraulic works. 

For some time, however, its value has boon raoro appreciated in England ns a substitute for 
masonry, and it lias been employed in some important works. Still, its use is chiefly confined to 
forming a homogeneous and monolithic- bearing stratum for foundations, and not properly speaking 
as a constructive material, to which latter purpose it is more esjwcially tho author’s object to direct 
attention. In particular, there are but few examples of the application of liquid concrete deposited 
and allowed to set in the water in the construction of submarine works. 

There are three inodes in which concrete may be applied for constructive purposes. — building 
it in mass* and allowing it to set before water lias access to the work, as has been adopted in the 
construction of the walls of the Victoria DocAs, and in those of the Loudon Docks ; preparing it first 
in blocks and allowing it to Harden before being used, as employed by Walker at the Dover Break- 
water. and by Hnwksliaw for the new sea forts for protecting tho arsenals of Plymouth und Ports- 
mouth ; and depositing it in a liquid state and allowing it to sot under water, ns practised upon a 
gigantic scale by M. Noel, in the constmction of the large Government Graving Docks at Toulon. 
In the latter case hydraulic couerete has been deposited in a liquid state in the sea water, at a depth 
of about 40 ft., forming a vast rectangular trough of b^ton about 100 ft. wide, of the length of each 
dock respectively, and with walls and bottom about 10 ft. thick. After tho beton had set, the water 
was pumped out'from tho interior, an inner liniug of masonry to form tho altars, stairs, and floor was 
built, the caisson put into its place, and the concrete side of the trough at tho entrance having been 
removed, the dock was complete. 

The facilities for making beton or hydraulic concrete, which has the invaluable property of 
setting under water, and of thus forming an artificial rock or stone, aro very' great ; as it may be 
formed either from the naturally hydraulic limes, the artificially hydraulic limes nr cement, or from 
the rich or non-hydraulic limes, rendered hydraulic by tho admixture of other substances, such as 
poxzuoiiina, minion, or iron-mine dust. 

The beton made from tho naturally hydraulic limes, which are fonnd extensively in this and 
other countries, is the most P) be depended upon. Tho blue lias in England, the limestone of Arden, 
found near Glasgow, and that of Theil in France, are good specimens of their kind, possessing in 
on eminent degree the projjertjr of setting under water. Or tho Arden lime, the author and his 
partner hove had abundant experience in tho dock works at Glasgow, Greenock, and other places. 
As to the blue lias, its extensive employment in the docks at Liverpool, London, and other impor- 
tant works throughout the kingdom, is proof of its good projtcrties. The hydraulic limes of France 
have been still more severely tested, by their application for the formation of the large concrete 
Mocks used for the protection of the senward side of tho French breakwaters. It may fie useful to 
mention, for compari.Mm, the proportions of some of the concrete* made from these various limes. 
The Arden limo concrete, employed by Bell and Miller for tho foundations of tho large Graving 
Dock at Glasgow, was composed of 1 part of ground Arden lime, 1 part of iron-mine dust, 1 part of 
sand, and 4$ parts of gravel and quarry chips. The lias concrete, used at the recent extension of 
the London Docks by Kendel, consisted of 1 part of blue lias lime to 6 parts of gravel and sand. 
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The proportions adopted for the blocks or the Mole at Marseilles, were 2 parts of broken stones to 
1 of mortar, the latter being composed of 3 parts of Theil lime to 5 of sand. 

A knowledge of the mode of composing artificial hydraulic limes is of great importance in situ- 
ations where natural hydraulic limes are not easily procurable. Smoaton was the first to point out 
that it was to tho clay or silicate of alumina in the composition of the hydraulic limes that they 
were indebted for their peculiar property. Subsequently the able researches of Vicat showed by 
actual experiment how all the rich or non-hydraulic limes might be rendered eminently hydraulic 
by burning them with a certain proportion of silicious clay. Indeed, to Vicat is due the credit of 
having reduced the knowledge of limes to a system, and of having shown the practical application 
of concrete as an eminently constructive materia). The excellent artificial cements now manu- 
factured are most valuable to the engineer; and tho concrete mnde with Portland cement can 
hanlly lie surjiassed. That used at the new Westminster Bridge is harder and more compact 
than the greater number of building stones, even where put down in the bed of the Thames, 
and where it is ex|>osed to the running stream. Portland cement concrete is also extensively used 
for the artificial blocks, weighing from C tons to 10 tons each, which form the hearting of tho 
breakwater at Dover and that at Alderney, the proportions being 1 part of cement to 10 parts of 
shingle. 

Home substances, such as pozzuolana— a volcanic production found chiefly in Italy — have, in 
consequence apparently of silicate of alumina being predominant in their composition, the property 
of giving hvdraulic qualities to tho rich or non-hydraulic limes. It is of these tlint the concrete is 
made, which has long been used for marine works on the shores of tho Mediterranean ; and, indeed, 
the piers at some of the Italian ports have been constructed almost entirely of hydraulic concreto. 
Daniel Miller, tho author of this paper, had an opportunity of examining at Genoa the extension of 
one of the moles of the harbour, the inner side of which has a vertical wall constructed under water 
entirely of pozzuolana concrete simply thrown into the sea from boskets carried on men's heads, a 
boarding confining it to the shape of the wall. In o short |»eriod it set quite hard, so as to enable 
the upper part of the wall, which is of stone, to be built upon it. The outer side of the mole, which 
had been previously made, was formed by stones deposited ‘*k pierro perdue.” Though the depth 
of the quay wall was not great, this shows the confidence which the Italian engineers hove in 
concrete applied under water in a soft state. Tho piers of tho new basin constructed by the 
Austrian Government at Pols, in Istria, are also formed, in a similar manner, of ooncrete confined 
between rows of timber piling. 

Perhaps the most striking application on a large scale of pozzuolana concrete is in the great 
molo which protects the port of Algiers. To form the mole, blocks of beton of immense size, »o as 
to be immovable by the force of the sea, were employed. Home of these were formed in situ by 
pouring the concrete into large timber cases without bottoms sunk in the sea in the line of the 
mole. Other blocks of a smaller size, though upwards of 30 tons in weight, were made on shore, 
being moulded in strong wooden boxes. After the beton had set, the boxes were removed, and 
the blocks were launched into the sea to find their own level. The beton for the blocks in situ was 
composed of 1 part of rich lime in paste, 2 ports of pozzuolana, and 4 parts of broken stone ; that 
for the blocks made on shore was formed of 1 part of lime in paste, 1 part of pozzuolana, 1 part 
of sand, and 3 parts of broken stone. These blocks set sufficiently hard in twenty-four hours to 
resist the shocks of heavy seas, and the mole now Btands firmly, instead of being, os it was when 
formed of loose blocks of stone in the time of tho Moore, nearly destroyed every winter. 

The French engineers have shown great boldness and skill in the application of be'ton, os 
exemplified in the Pont de l’Alma over the Seine, tho arches of which, as well as the piers, are 
formed of rubble concrete ; in the new Graving Dock at Toulon ; and in the formation or protection 
of breakwaters by enormous artificial blocks of beton, os carried out at Marseilles, Cherbourg, La 
Ciot&t, Cette, Vendrca, Cassis, and Algiers. When Miller inspected tho mole, or breakwater, which 
encloses the harbour of Marseilles, lie found the huge rectangular concrete blocks, weighing 
upwards of 20 tons each, by which its seaward side is protected on the “pierre perdue” principle, 
perfectly entire and sharp in their outline, though they had been exposed for many years to the 
action of the sea. Anyone standing upon that mole, and witnessing in a gale tho heavy seas 
breaking with tremendous force on these concreto masses and recoiling harmlessly, could have no 
doubt as to the efficiency of concrete as a constructive material. 

Hydraulic concrete, to be effective, requires care and attention in its manipulation, and in the 
regulation of the proper proportions of its materials. Any failures must have arisen from inatten- 
tion to these or similar points, as there is ample experience to show that, when properly made, 
every confidence may be placed in its strength and durability. Even where stone is abundant, 
this material may be often employed with economy and advantage ; but where stone cannot bo 
obtained, the importance of being able to form an effective substitute, out of materials of so little 
value, and so widely distributed, can hardly be overrated. 

Construction of Dock ami Quay Watts without Coffer-dams . — In sea water tho engineer lias to 
encounter enemies which do not exist in fresh water, or at least only to a trifling extent. The 
“teredo navalis” and other worms quickly destroy timber, and the corrosive action of the aea 
water, and other peculiar properties, have a prejudicial effect upon iron. In consequence of these 
deteriorating influences, these materials have not hitherto been much employed in sea works where 
durability is essentia). There is no doubt, however, that they may be employed with advantage, 
if protected from the destructive action alluded to; and whatever materials may be used, it is 
desirable that the surfaces exposed to the sift should be of continuous stonework or other material 
capable of resisting its effects. 

As Engineers-in-chief for the Albert Harbonr at Greenock, D. Miller and his partner Bell have 
had an opportunity of introducing a new system for the construction of sea-walls and quays in deep 
water, without the aid of coffer-dams, by which a large saving is effected, and works of great 
solidity and durability have been secured. 
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The accommodation for the loading and discharging of the shipping of Greenock consists of 
three open tidal docks or harbours, the most recent having been constructed by Locke. Extensive 
schemes for wet docks hove been proposed at different times by several engineers, particularly by 
Rennie, Telford, ami Walker and Burges, but hitherto no wet docks lmve been constructed, as it 
has been considered that the moderate range of the tide — from 8 ft. to 10 ft. — does not render 
them indispensable, and the trade is found to lie efficiently worked by the present system. In the 
additional accommodation the system of harbours is adhered to, though provision is left for con- 
version into wet docks by the addition of locks and gates, should this at Mime future period lie 
deemed advisable. 

The new works are situated on the west side of the town, and, in order not to interfere with 
valuable shore ground, they have been projected almost entirely beyond the high-water line into 
the sea. The depth of water at the outer line being considerable, the amount of excavation 
required iu the interior is comparatively little. The outer sen pier, according to the plan promised 
by the engineer*, enclose a large extent of shore as well as the Ray of Quick, and when carried 
out to the full extent will be upwards of 3000 ft. in length. Within this area there is a space for 
two harbour*, each 1000 ft. in length, 15 ft. deep at low water, or 25 ft. at high water, with eutrances 
100 ft. wide. 

Tho depth of water along the line on which a coffer-dam must have been constructed, bad such 
been contemplated, is in many places nearly HO ft. at high water ; and taking into nccount the length, 
and that it must have been of strength sufficient to resist the storms of winter, it could hardly hava 
cost less than 50,000/. Besides the great cost of a coffer-dam, there was another difficulty, as, owing 
to the line of the proposed new pier being close to the edge of tho deep-water channel, it would 
have been noci-ssary to project the coffer-dum so far into the channel as to have formed a serious 
interruption to the traffic. In consequence of these difficulties, and from considerations of economy, 
it had been the intention of the trustees to use timber for the outer piers of the harbour, and the 
engineers were instructed to mnke their plana accordingly. It was the opinion, however, of Miller 
and his partner, that in a situation whero the sea worm is very destructive, the work ought not to 
be constructed of such a perishable material, and that it was quite possible to build a solid struc- 
ture, so as to avoid tho difficulties referred to, in an economical manner. In order to effect this, 
they propoaed to construct the outer pier and quays forming the seaward side of the dock without 
coffer-dams, so that the pier might itself serve ns a coffer-dam for the interior operations in the 
harbour which would afterwords be required. The seaward pier is GO ft. wide at tho top, having 
quays on both sides. 

The mode in which tho work was designed was to form the walls under low witter of a combi- 
nation of cast-iron guide-piles in the front, with a continuous stone facing slid down over and 
enclosing these, and of concrete backing deposited in a soft state, all of which could be easily 
accomplished from above the water line. Timber bearing-piles were to be used in the body of the 
walls where required, and tho upper part of the walls from the low-water line was to be carried up 
of masonry in the usual manner. Figs. 387G to 3881. 

Granite from tho Rosa of Mull wna substituted for freestone, for the stone facing under the 
low-water line, as it could be obtained in large blocks at a moderate price. 

The first operation in the construction, when the water is not sufficiently deep, is to dredge out 
two parallel tranches to 17 ft. lielow low water, for the foundations of tho walls. A staging of 
timber piles is afterwards erected in the line of the pier over the whole breadth, for carrying the 
tramways, travelling cranes, and piling engines. Cast-iron guide-piles are then driven from the 
staging, with great precision, 7 ft. apart, in the line of the face of each quay-wall. These piles are 
driven till their heodB are near the low-water line, and they form guides for putting down tho 
stone facing. They are connected at the top transversely by wruugbt-irrm tio-mds stretching 
through the pier, eotterod into sockets and hinding the heads together. At first it was thought 
that there would be some difficulty in driving the Iron guide-piles with the required exactitude, 
bat this whs overcome by pile engines of peculiar construction, devised by William York, one of 
tho contractors, Figs. 3832, 3883. These travel on the rails of the scaffolding, and are furnished 
with long arms projecting downwards, strongly stayed hy diagonals, and forming a trough, into 
which the pile is placed, and from which it is driven by the pile engine in the manner of au arrow 
from a cross-bow, being obliged to go down perfectly straight. 

The ground is very unequal, the hard substratum, or rad till, lx?ing in some places 20 ft. lielow 
the bottom of the wall, the upper strata being mud and soft sand. In such eases timber piling, 
driven to the same level as the iron piles, is used to form a platform for sustaining the part of the 
wall above low water; but where tho ground is firm this is not required. When the proper depth 
has been dredged out and the piling driven, a bed of hydraulic concrete 3 ft. thick and 20 ft. wide 
is deposited in the trenches, to form a base for the wall to spring from, and to give a large bearing 
Burfaee. Into the grooves formed by the flanges of the iron piles large granite slabs, from 18 in. to 
2 ft. thick, are slipped, the bottom one resting upon a concrete base and on a projecting web cast 
on the piles : not more than three stones fill each compartment between the pile's, 1G ft. in height 
and 7 ft. in width. These stones Blip into their places with the greatest ease, and form the face of 
the wall under water. Behind this facing hydraulic concrete is lowered under the water in largo 
boxes bating movable bottoms, and is discharged in mass to form the body of tho wall. To cotifiue 
this at the back before it has set, loose nibble stones are deposited and carried up simultaneously 
with it. The hearting of the pier, consisting of hard till, stones, and gravel, is deposited after- 
wards, and the whole carried up to the level of low water. 

The entire mass, piles and stone facing, concrete backing and hearting, is allowed to eonsoll* 
date for a sufficient time ; after which the heads of the iron piles and the granite facing blocks are 
capped at the level of low water hy a granite blocking or string course, and the upper portion of 
the walla is carried up in freestone! ashlar, and rubble. The remainder of the hearting between 
the walls is then filled in, and the whole is finished with a granite coping and causeway. The 
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walla arc 33 ft. in height from the foundation*, 1 1 \ ft. thick at the concrete base, and they diminish 
to 5 ft. thick at the top. 

Particular care is taken with regard to the hydraulic lime. It is burnt at the quarries, but is 
brought from thence in the shell by the railway in covered wagons, so us to preserve it from wet. 
It is ground at the harbour works, for which purpose, and for mixing the mortar, there have lieen 
erected four vertical double-roller mills ami two sieves, driven by an engine of 20 horse-power. 

In the part of the pier which has been already executed, the stone facing under low water 
being made to slip into the groove formed by the flanges of the iron piles, the outer flange is left 
exposal to the action of the salt water, which no doubt will in the coarse of time exert an injurious 
effect upon the iron. Figs. 3878 and 3e8l. To remedy this, it is intended in the remainder of the 
work to reverse this plan, and to make the grooves in the stone facing, into which the outer iron 
piling will fit, Figs. 3870 and 3873. The stone blocks will therefore overlap the iron piles, and 
form a continuous stone facing, so that no part of the iron will be exposed to the action of the salt 
water. The grooves will be filled from the top with cement, which will enclose the iron flange, 
and effectually preserve it. 

3SB3. iH83. 



The concrete employed is formed of Arden hydraulic lime, iron-mine dust, sand, gravel, and 
stone chips — the lime and the mine dust being well ground, under edge stone mills, before being 
mixed with the other materials. The proportions are by measure — 1 part of ground lime, half a 
part of mine dust, 1 part of sand, and 3 parts of gravel and stone chips. Immediately after 
wing mixed, and when brought to a proper consistency with water, it is conveyed to where it is to 
be used, is let down under water in the discharging boxes, and in a short time acts very hard. 
The boxes used are either of iron or of wood, and oontain 1 cub. vd. each. Those of iron are 
found to be preferable, as the buoyancy of the wooden ones renders them somewhat unmanageable 
in a tideway, after their contents have been discharged. 

This nude of constructing walls in deep water without coffer-dams has proved very successful, 
and a sea pier of great solidity and durability has been formed at a comparatively moderate cost. • 
In constructing quay-walls on the foregoing principles, different mode* of forming the stouc 
casing may bo employed ; and particularly where stone of a softer nature than granite, such as 
limestone or freestone, is used, a still moro efficient outer casing may be obtained, Fig. 3880. In 
it, blocks of stone, having orifices or holes cut in them, are strung or put down over the iron piles, 
so as completely to enclose them. These blocks have also grooves or projections on their sides, in 
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which are slid down intermediate slabs or blocks of stone, having corresponding grooves or projec- 
tions. A continuous facing of stone, having all the stones locked into each other, is thus formed, 
and the iron piling is effectually enclosed. It was on this principle that the facing under low water 
was intended to have been formed at Greenock, previous to its having been suggested to employ 
granite instead of freestone. Still further to protect the iron from the action of the salt water, the 
boles round the piles would be filled up from above with cement well rammed down, so as to fill up 
nil the joints, and to unite (he stone and iron together. This plan admits of the iron piles being 
kept farther apart than when single blocks connect the piles. Concrete backing may then be 
filled in, and the structure be completed as previously deseril>od. Temporary sheet piling or 
boarding, instead of loose stone, may be employed to keep the concrete in its place until it lias set. 
In mony cases, blocks of heton, which can be easily moulded into the Bhnpos required, may bo 
advantageously substituted for stone in the facing, as it has Iwm proved by experience that, when 
properly made, they possess tho requisite strength and durability. 

The range of different purposes to which this system of founding marine structures is appli- 
cable is very extensive, and works such as the formation. ro-focing, or reconstruction of quay- walla: 
the formation of docks or tidal I mains on sites covered by the si-a; embankment walls along tho 
shores of seas or rivers ; the foundations of lighthouses, beacons, or forts which may require to be 
made in the sea: tho construction of breakwaters enclosing harbours of refugo; may bo effected 
with a speed, facility, and economy not hitherto attainable. 

Although various Royal Commissions and Parliamentary Committees lmvo elicited much 
valuable information on this subject, the main object of diminishing the enormous oost of these 
works, and of providing a durable and substantial, and nt tho same time economical, barrier to 
tho force of the sea. is as yet a desideratum. So important, indeed, has this become, that in 1800 a 
Select Committee of tho House of Lords was appointed to inquire, how far it might be practicable 
to adopt some plan, for tho construction of breakwaters and harbours of refuge, less costly than tho 
system of solid masonry then in use. Various plans were discussed, and amongst them floating 
breakwaters: but the investigation failed to establish any effectual substitute for the present modo 
of construction. 

The plans about to be described will, in our opinion, have a material effect in filling up this 
want. Before proceeding, however, it will bo necessary to refer briefly to tho principal modes of 
construction hitherto adopted, and to consider tho peculiar phenomena by which such structures 
aro affected. 

The most common mode of forming breakwaters is the “pierre perdue," or long-slope system. 
This is simply the deposit in the sen of a vast amount of loose rubble stone, rising to about the 
level of high water, allowing it to take its own level, and to be acted upon by the sea until its 
section assumes tho permanent form which this action gives it. Tho seaward side obeys the laws 
of ordinary sea beaches, and forms itself into a long Bioping shore, involving the employment of an 
enormous amount of material before the mound readies the height to give the required protection. 
Such a system is only applicable where stone is nbnndnnt, and can consequently c>e deposited at a 
cheap rate. Of this system the Plymouth, Cherbourg, and Holyhead breakwaters may be taken as 
examples, Figs. 3887, *3888. 


3 * 67 . 




In situations where stone is not abundant, the opposite principle, called the vertical system, is 
adopted. In this mode tho walls are built upright from the bottom ; and as all tho material below 
low water is put in place by diving apparatus, anti is of an expeusive nature, the cost of a work 
executed in this way is verv great. The Hover Breakwater, in course of construction, is the most 
prominent example. It is built up solid from the bottom of the sen, the exterior facing being of 
ashlar granite blocks rebated, or checked into each other, and the hearting of rectangular blocks 
of concrete, built in the same way as ashlar masonry up to the level of high water, above which it 
Is filled in with liqntd concrete. Fig. 3875. 

Besides these systems, which may be taken as the extremes, an intermediate form of section, 
combining both to a certain exteut, is adopted. It consists in carrying up a rubble mound to 
within a certain depth below low water, and upon this building the remainder of a vertical con- 
struction. The Alderney Breakwater may be taken as representing this system to a partial extent, 
Fig. 3894. 
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It has been a subject of discussion ns to whether the long slope or the vertical wall was the 
bettor section for breakwaters, and as to the relative force of the sea exerted ti|»on them. The 
observations which have been made on waves may be said to have settled this point in favour of 
vertical walls, as it has been clearly shown that waves in deep water are chiefly oscillatory in their 
character, the fluid having little progressive motion in itself, and consequently exerting out little 
force on objects opposed to it ; but in shallow water waves assume an entirely different character, 
as they acquire a progressive motion, becoming waves of translation, in which the fluid is carried 
bodily forward in a horizontal direction, and in consequence it strikes any body opposed to it with 
great percussive force. Vertical walls, therefore, which rise from the deep water, being only sub- 
ject to the oscillatory movement of tho waves, are least exposed to the destructive effects of storms. 
The evidence taken before tho Royal Commission in 1859 seemed to be conclusive on this points and 
the opinions of the (Commissioners, ns developed in their report, may Iks considered to have set this 
subject at rest. But whatever difference of opinion there may still be upon this matter, there cau 
be no question as to the vast saving of material by vertical walls, and of the great economy which 
would result, provided a simple and easy mode of construction could be adopted. The vertical 
system has, besides, the great advantage of being applicable in many cases as quays for vessels 
lying alongside to load ami discharge, which may be turned to valuable account both for com- 
mercial purposes, and in times of war, for the rapid shipment or debarkation of troops, stores, and 
other material. 

The experience, however, derived from the formation of tho great breakwaters on the "pierre 
perdue” or long-slope principle, such as Plymouth, has been very valuable. The examination of 
tho soctiorffc which the materials assume, shows that the great disturbing action of the sea, or con- 
version of the waves of oscillntion into those of translation, docs not extend to any considerable 
depth; os it is found that the long sloping beach terminates generally at from 12 ft. to 15 ft. Itelow 
low water, after which the inclination becomes much steeper, the materials assuming nearly the 
form du«* merely to the natural angle of repose, as if unacted upon by any force except that of gravity. 
The inclination on the seaward side within the tidal range, and to the depth of 12 ft. or 15 ft. below 
low water, is generally 5 or 6 horizontal to 1 vertical, but below that depth it is only from 1 to 1$ 
horizontal to 1 vertical. It is the long slope which these breakwaters assume to a certain doptli, 
that causes the enormous absorption of material ; but it apj>enn» that a mound of rubble may be 
deposited to within a certain distance of low water which will not have this long slope, and conse- 
quently will only require a comparatively small quantity of material. The consideration of these 
facts shows that in the generality of rases, the vertical and “ pierre perdue " systems may be 
combined with advantage and economy, by first depositing a rubble mound to about 15 ft. below 
low water, and from that point carrying up the remainder of the breakwater by vertical walls. 

A great improvement in the facility of constructing these breakwaters, when such an immense 
quantity of material Ims to lie deposited, was the introduction by Itendel of timber staging carried 
on piles in advance of the work, and sustaining lines of rails, by which the material can bo brought 
down and bo deposited in the sea with a rapidity Iw-foro unattainable. The consumption of timber 
is, no doubt, very great, as much has to be left imbedded in the work, and there is considerable 
destruction besides ; but thin is amply comixmsnted by other advantages. By this system an 
average of aliout a million tons of stone a year have been deposited at Holyhead, and a similar 
plan is pursued at Portland, Fig. 8808. 

Massive staging is also employed at the vertical breakwater at Dover, for facilitating the build- 
ing operations. Indeed, staging may now bo considered essential in tho generality of coses for the 
economical construction of such works. 

The breakwaters of the French engineers arc generally formed “ a pierre perdue.” but upon a 
different method from that pursued in this country. Thus, at the Plymouth Breakwater, Fig. 8887, 
only large blocks of rubble stone were deposited, the small being thrown aside, and at Holyhead 
ana Portland, the large and the small rubble were deposited promiscuously; while the French 
engineers usually employ the small rubble for the core, and reserve the larger blocks for the outer 
coating. Furthermore, they protect the seaward side by blocks of beton, thrown in to take their 
own position, and of such a size (generally from 20 tons to 30 tons) as effectually to resist displace- 
ment by the utmost force of the waves. These blocks assume a slope as steep as 1 to 1 under 
the water Hue, so that the mass of mnterial in a breakwater thus constructed, is considerably less 
than where smaller materials aro employed for the seaward face. The moles of La Jolictte and 
Napoleon which enclose the harbour of Marseilles, are excellent examples of this mode of con- 
struction, Fig. 3889. 

Having thus glanced at tho general principles which affect breakwaters, and described the 
modes of construction usually adopted, the conclusion to be arrived at appears to be, that tho 
vertioid system is that which beat resists, or rather averts, the destructive action of the sea, and 
requires the smallest amount of material. However, both systems, the long slope and the vertical, 
as at present carried out, are very expensive, the former from the Quantity of material which is 
required, the latter from the costliness of the material and the mode of construction. The one 
system may be characterized as involving the maximum in quantity, and the minimum in cost 
of material; the other, on the contrary, the minimum in quantity and the maximum in cost of 
material. The object sought to be attained by the system about to be described is to effect a 
minimum, as far as possible, both in the quantity and jri the cost of the material. 

According to circumstauccs, breakwaters on this system would be constructed either wholly 
vertical, extending from the bottom, or partially vertical, springing from a rubble mound. For the 
sake of comparison, the mode proposed by Daniel Miller, Figs. 3884 to 3880, is designed to suit tho 
conditions usually prevailing ; nay a range of tide of 15 ft., and a depth at low wnter of 6 fathoms, 
being about the same as at the Plymouth Breakwater, and as at Hartlepool, Filey Bay, and the 
entrance of the Tyne, where tho most important harbours of refuge have been recommended by 
tho Royal Commissioners. The section. Fig. 3891, represents a breakwater with a parapet, but 
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with, the top of the breakwater may be 
copped by large blocks of beton, or stone, 
of such a weight as not to be displaced by 
the heaviest seas, Fig. JUDO. 

The principal feature of the new plan 
is a framework of iron, formed of piles or 
standards,* and ties, which serves ns the 
staging for all the constructive operations, 
and afterwards becomes an essential por- 
tion of the structure, by binding together 
a strong casing of stone or other sufficiently 
durable material, which encloses and forms 
the facing of the breakwater, allowing the 
interior to Ik* tilled up with loose rubble 
or other cheap materials, which may be 
cemented into a solid muss by means of 
liquid beton or concrete. It will be pre- 




ferable for breakwaters to make the standards of wrought iron, and in the generality of cases it 
will not bo necessary to drive them into the ground, but simply to set them in place. 

The mode of proceeding is to erect the iron staging in advance of the work, which may be done 
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either by driving, screwing, or guiding the pile*, or standards, from a machine placed on the plat- 
form, and travelling along ns it progresses. This machine will have long guides firmly stayed and 
set accurately in position, into which the iron piles will Ik? placed, and then driven in a similar 
manner to that pursued at Greenock. When two piles arc erected in place, they arc connected 
transversely by iron ties, and by the temporary platform at the top for hearing the mils, and the 
piling machine is then moved on to drive the next eet, and so on. Following this operation come 
the wagons depositing the material to form the rubble mound, which collecting round the lower 
part of the standards, firmly fix them in their places, and give stability to the staging. When the 
mound hns risen to the required height, say 18 ft. below low water, the cranes from the staging 
above ^commence lowering the casing block* for the? fncewnrk. These are made to enclose the iron 
standards, and are formed *o as to be arched or locked into each other, and thus to resist any 
pressure arising from the backing. They can bo made to break bond, or to slide down without 
breaking bond, as may be considered desirable : but the former plan permits the standards to In? 
kept at a greater distance apart, and the blocks to lx? of less dimensions, and at the same time of 
greater strength. 



Simultaneously with the building of the casing, the hearting of the work, rough rubble or 
other suitable material, is to be deposited from the wagons on the staging, filling in from the 
centre, while backing of lxiton, or hydraulic coucrete, will l>o lowered down in largo boxes, and 
discharged behind the stone casing, consolidating and cementing together the rubble hearting, as 
it is filled in and falls down. 

It will be observed that the whole of the facing is rendered continuous, and by all the blocks 
being arched, or grooved into each other, it is impossible that any individual block can get out of 
place. This is a danger greatly to be feared in structures of this kind built in the ordinary way, 
as the action of the compression of the air in the joints of the masonry, by the pressure of the 
waves, and the after-expansion when the waves retire, is sometimes so great as to blow out the 
stones, thereby endangering the whole structure. 

By this system great solidity and strength may be obtained, as the whole stmetuve is liound 
firmly together by the iron framework: while the manner in which the stones of the facing are 
locked into each other, and iu which the coucrete will penetrate and solidify in a short time the 
whole mass, will realize os nearly as possible the idea, which should be the object of attainment iu 
such structures, of a monolith, or solid rock in the bed of the ocean. 

The blocks forming the casing under water may be either of stone or of bdton. When the 
former cannot be conveniently procured, the latter may bo used with advantage, particularly ns it 
can bo so easily moulded into the required shapes, and almost of any size. The power of such 
blocks to resist the action of the sen for an indefinite period is now fully confirmed. These may 
at least be generally adopted for the inner walls of breakwaters. Indeed concrete blocks, built iu 
the ordinary way, have been already used by Walker and Burges at Alderney, Fig. :i804, for the 
inner facing. 

The great economy of this system of constructing breakwaters would ariso from the smallness 
in quantity and the cheapness of the bulk of the material. The quantity of material in this break- 
water compared with that iu the Plymouth Breakwater on the loug-alope principle, in the same 
depth of water will be about as 1 to 4, and the disparity of cost is nut less striking, the Plymouth 
Breakwater having cost nearly 1)00/. the lineal yard. 

In comparing with any other mode of construction, the iron framework may bo allowed to go 
for nothing, as staging of some kiud must bo used for the speedy anil economical construction of 
any kiud of breakwater. This framework of iron standards will not cost more than timber staging, 
and, indeed, far less than in cases where an immense quantity of staging requires to be Used for 
the deposit of the enormous mass of material of long-slope breakwaters, such a* at Holyhead ; while 
it will be far DON secure, in consequence of its inherent strength, the heavy nature of the mate- 
rial, and the small surface p r ese nt ed to the action of the waves. Tim buoyancy of timber staging 
is an element which causes its own destruction, as is exemplified at Holyhead, where it is 
admitted that for every piece of timber another piece is required to make up for the loss. 

Another important advantage is the great speed with which it may bo constructed, from the 
mass of the material being of a nature easily deposited, and from the facility with which operations 
may be carried on upon a long stretch of the work at one time. Iu situations where the materials 
for the construction of ordinary breakwaters cannot be obtained, the advantages of this system 
would be still more striking. Dover may be taken as nn example, there being no stone in the 
neighbourhood suitable for depositing M a pierre perdue,” or building vertically in the usual modes 
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of construction. By the system proposed the harder chalk from the cliffs and shingle could be 
used for the hearting, as in a structure so firmly bound together these materials concreted with 
beton would serve the purpose quite as well os any other. In forming the rubble mound the 
example of the French engineers might be followed with advantage by forming the core of smaller 
and inferior materials, and for this the chftlk and shingle would be quite suitable. This would be 
protected by a thick layer of rubble, and on the seaward side by a layer of concrete blocks, of such 
a size as would not be disturbed by the sea. Tho vertical superstructure would be constructed of 
chalk or sandstone rubble, concreted by beton for the hearting. A breakwater upon this construc- 
tion, Fig. 3892, Miller estimates could be built at Dover for 290/. per lineal yard. Tho present 
breakwater for the samo depth of 45 ft. at low water is contracted for at 1245/. per lineal yard, so 
that there would bo the enormous saving of upwards of one million and a half sterling per mile. 
The difference in the cost of construction, vast as it is by this system, is not tho whole saving, as 
tho timo occupied is ati important element, affecting the final cost of such a work, the interest on 
the outlay being lost until the harbour becomes available. There can be no doubt of the solidity 
and durability of tho Dover Breakwater, but considering its enormous cost, and the distance into 
the future before its completion will render it availuble for commercial or for war purposes, the 
wisdom of prosecuting it upon the present mode of construction nmy be well called in question. 
Uj*on the construction proposed the breakwater could be completed and be available as a harbour 
of refuge for the naval and commercial fleets of tho country in less than five years, at a cost of 
little over 1,000,000/. 

Breakwaters and piers have been frequently made of timtier framing and casing, confining a 
moss of rubble. Extensive piers on this principle aro in existence in Boulogne, Calais, Dunkirk, 
ami other ports; but it is evident that such a system, from the timber being exposed and the con- 
sequent want of durability, and from their liability to sudden destruction when once tho casing 
gives way, must prove very expensive in the end. This system has been revived, though upou 
more scientific principles, by Abernathy and Michael Scott. In these plans a structure composed 
of a casing of timber is formed of timber frames, standards, or piles and planking, and this casing 
is afterwards filled with nibble. But ns the cosing cannot be expected to possess much durability, 
it is proposed subsequently to enclose this structure by solid walls of masonry or composite block*, 
for which the first structure will afford a convenient and sul>staiitial platform for bearing the rails 
and ernnes necessary for executing this part of the work. There are two distinct operations neces- 
sary, therefore, to complete the work upon this mode in a permanent manner ; first, the formation 
of the inner structure with its timber casing ; and, second, tho formation of tho outer structure, 
for the purpose of making a easing of a durable character. The economy of making breakwaters 
of n durable construction on these modes has not been fully made out, chiefly arising from the great 
quantity of timber required and the necessity of employing two distinct casings, one of which must 
be superfluous. 

The system which Miller has proposed w ill, we think, secure all the objects which appear to 
have been aimed at by these plans, but with greater simplicity and economy. 

It is not essential that the standard* employed in the system proposed by Miller should be of 
iron, as they may be of timber, but enclosed, as has been already described in the case of iron 
standards, in a casing of blocks of stone or of beton. 

Bee Barrage. Bridge. Canal. Cement. Coast Defences. Construction. Damming. 
Dock. Hydraulics. Locks and Lock-gates. Weirs. 

HAULAGE. Fb., Rootage ; Geb., FSrdcrung ; ItaI?., Estrasione e trasporto del litanlrace ; 
SPAN., Arm ft re. 

Haulage of Coal , taken from the Report of the Committee of N. E. I. M. Engineers, 1869. 

Tail-Hope System, North fletton Colliery. County of Durham . — In order to give an idea of tho extent 
to which tho tail-ropo system can be applied in leading cools underground along an engine-plane 
with numerous curves and branches, the following description is given of the arrangement of 
wagon-way. and the method of working the tail rope, at North Hetton Colliery, which affords the 
best example of this system. 

Fig. 3895 shows that there are two main wagon-roods in this pit. lying at right angles to each 
other — No. 1 phuie being driven cast, and No. 2 north. The following are the particulars of the 
engine and wagon-way ; — 


Engine. Engine-plank. 


No. of cylinders 

.. 2 

Rails 

.. .. 22 lbs. the yd. 

Diameter of cylinders 
Length of stroke 

.. 12 in. 
.. 24 „ 

Gauge of way 

.. .. 2 ft. 4 in. 

Main. Tall. 

N’o. of drums 

. 4 

Rollers. — Diameter 

5 in. 

84 in. 

Diameter of drums 

.. 4 ft. 

Weight .. 

.. .. 26 lbs. 32 lbs. 

Size of rope (circumference) 
The boilers are on tho surface. 

.. 2| in. 

Pistonco apart 
Sheaves at curves 
Tail sheaves .. 

.. .. 21ft. 

.. diam. 

.. .. 4 ft. 

21 ft. 
10$ in. 


When the ratio of tho diameters of the pinion to the spur-wheel was as 1 to 2, the engine was 
found rather too weak for its work, nml the ratio was therefore nuulo as 1 to 3. The engine goes 
at a speed varying from 150 to 250 strokes a minute, the usual speed being about 180 strokes a 
minute. This makes the power exerted to be about 100 horse-power, and thus presents an example, 
which is rare, of a tail-rope engine working to the utmost of its power. 

One end of the shaft of each set of drums is placed on a movable carriage, by means of which 
they are put into gear with the. driving pinion. The drums are connected to the shaft by means of 
clutch gear. The engine ami drums are placed beneath the wagon- way, and tho wheels W and W* 
which direct the cour.-e of the ropes for No. 2 plane, as well as several other 4-ft. wheels upon 


Digitized by 


HAULAGE. 


1819 



Digitized by Google 


1850 


HAULAGE. 


these planes, are also placed under the way. The ropes for the No. 2 plane como to the surface of 
ihe wagon* way about the point P. 


No. 1 Plane. 

Wat*. 



1*1 Nnrlh. 

2 nd North. 

X-CoL 

]»t South. 

2 nd SouU^ 


yd*. 

y*s. 

jd». 

yd*. 

yds. 

Distance from shaft 

.. 900 

870 

1350 

1000 

. 825 

Kise or fall from shaft 

.. fall. 

fall. 

fall. 

fall. 

fall. 


min. 

mm. 

lain. 

min. 

min. 

Time from leaving the shaft to returning 

.. 10 

9 

8 

10} 

yj 


Heaviest gradient rising outbyo 1 in 10$ for each way. 

Tuba in act 21 for each way. 

8 peed of set About 10 miles tin hour. 


It may lie observed that none of the branches are of very great length, and that all the ways 
rise towards the shaft. 


No. 2 Plane. 


Distance from shaft 

ltise or fall from shaft 

Time from h aving the shaft to returning 

Heaviest gradient rising outbye 

Tubs in set 

Speed of set 



Wats. 


ltd West 

2nd Wot 

3rd West. 

yd*. 

yds. 

yd*. 

580 

1130 

1200 

rise. 

rise. 

rise. 

min. 

min. 

uiin. 

6 

15 

17 

1 in 15 

1 in 15 

1 in 15 

35 

35 

35 


Aliout 10 miles an hour. 


No. 1 plane consists of a main road, with two branches on each side ; at the end of the main 
road is another wav, which, alter going in a cross-cut direction for a short distance, turns to the 
north. These five branches are all worked by two of the drums, the other two drums working 
No. 2 plane and its brunches. On the plan (which is drawn to no scale, and is therefore in many 
places out of proportion, owing to the dilliculty in showing clearly the arrangement of mils) the 
ropes ore shown by dotted lines. In the second west way and the cross-cut way there are two 
stations; a description of the arrangement of which is given hereafter. The four curves leading 
from the main way to the brunches each have a radius of about 22 yds. ; the radius of the curve iu 
the first south way is 4 chains, aud of th.it in the cross-cut way about 5 chains. 

No. 2 plane has one main rood and three branches, two to the west and the other in a cross-cut 
direction. The carves to the branches are alnut 3 chains radius, and the curve upon the main road 
about 4 chains. 

At the far end of each of the branches there is a siding, one way for the full ami the other for 
the empty tubs. 

At the inbye end of the first west way there are three putting stations, from which the tubs are 
led in short sets by ponies to the siding at the cud of the engine-plane. 

The full way of the shaft tiding is raised several foot to form a kep, or incline ; and when 
the Bet of full tubs has been drawn on to the top of the kep, the tubs are let down to the abaft us 
they are required. 

Arrangement of Jiojva . — In the working of this and all other tail-ropi* planes, two ropes arc neces- 
sary, which are called main ami tail ropes, the former being used for drawing the set of full tube 
outbye, and the latter for taking the empty set inbye. When the main rope is bringing the full 
set outbye, the tail-rope drum runs loosely upon the shaft, and by applying the brake the tail rope 
is made to run steadily off the drum ; when the tail rope is taking the empty set inbye, the main- 
rope drum is put out of gear, und the main rope is drown inbye behind the set. It will be seen on 
the plan of this engine-plane that tho rope* for No. 1 plane have a direct lead from the drums, 
whilst those for the No. 2 plane are taken round pulleys at a right angle not far from the engine. 

On No. 1 plane the ropes connected hi tho engine arc those of the cross-cut way, ami the set is 
supposed to have just arrived at the shaft; thus the main rope is nearly all wound upon the drum. 
At the points A and B, Fig. 3896, there are shackle-joints on both the main and tail ropes. The 
shackle used is of this description, and is secured by the pin A. 

38M. 




When the rope ends to which the set is attached are nt the shaft, these joints are always ut the 
point* A and B, no matter from which way the lust sot came. 

Must of the sheaves used in taking the ropes round tho curves nru fixed horizontally in walliug 
built for the purpose, exhibited in Fig. 8897. 

At C and C both tho ropes are taken round the curves by small sheaves, os shown in sketch ; but 
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at most of the curve* only one ropo goo* round the curve, the tail rope passing round a 4-ft. sheave ; 
this arrangement is much to bo preferred. 

3»*7 



Both main and tail rope* are 2J in. in circumference. The large sheaves at the curves, aud the 
tail sheave* at the in bye end of ouch of the branches, are 4 It. in diameter; these wheels are placed 
under the way, and the mils are laid over them. Where the ropes are shown to cross the wngou-way 
on the plan, they ure arranged to jaws under the r< ad. 

The total length of main rope on the plane is 2520 yds., and of tail rope '.HiiiG yds. ; and there 
are altogether 1330 small sheaves, and 14 4-ft. sheuves U|*>n the planes. 

Method of Working the Pkm». — So. 1 PUpm . — <Jn referring to Fig. 3805, it will be seen that the 
lopes connected to die engine are those of the cross-cut wav, and that the ends of all the other 
brunch ropes are lying at the brunch ends. Supposing that the next empty set has to go into the 
second south way, whilst the rope ends at the shaft are being disconnected from the full set nnd 
attached to the empty set, the boy attending the switches at B is disconnecting the shackles 8 8 
and connecting them to TT; this is done in about two minutes, and is generally finished before 
the set at the shaft is ready to come away ; the boy then op* ns the switches for the second south 
way, and everything is ready for the set going in. The set of empty tubs is taken into the branch, 
and the full set returns to the shaft before the ro|K;s are altered again. Should the first north way 
next be ready the ends E E are replaced by F F, the switches are put right, and the empty set goes 
in and the full set comes out. If the cross-cut way be next ready, it will be seen that, to put the 
ropes right for this way, four rope ends will-have to lie connected, two at the station A, and two at B. 

No. 2 Plane . — It will be seen, Fig. 3835, that the ropes connected to the engine are those of the 
third west way, and here also the set is supposed to he at the shaft. All the branches on the 
plane No. 1 are to the dip ; on the contrary, ull the branches from the main road on No. 2 plane ore 
to the rise from the shaft. 

The brunch ropes on the No. 2 plane are connected in the some way as on No. 1 plane, and here 
also it is necessary to connect four rope ends when the third west way has to be worked, if the 
second and then the first west way havo been worked before it. 

In the first west wuy on No. 2 plane there is an adaptation of the tail rope which is worthy of notice. 
The gradient of this way is found heavy enough to cause the ontcoming full tubs to pull the tail rope 
after them. In taking the empty set inhve the main ropo is knocked off at the point R. nnd the set is 
pulled in by the tail rope ; the full set is afterwards let down the incline by the single tail rope to R, 
at which point the main rope, which is necessary to pull the set on to the kep, is attached. The drum 
man sometimes brings the set out or this way by the brake whilst the engine is working unother way. 
The gradient on the second west way is not heavy enough to allow this method to be adopted. 

On the No. 1 piano there are two stations by the side of the main wuy, to which sets are 
taken several times duriug the day. One of these stations is in the cross-cut way nnd the 
other is in the second south way. When u set is intended for the station in the latter way, 
it is taken to L L, Fig. 3838, and there the ropes ore knocked off; the full set stands at M 5$, 
and in order to get the <. B44 

ropes to this point, a piece 
of rope, the length of the 
set, is attached to the two 
ends, which are then pulled 
by the engine opposite to the 
ends of the full set. Thus 
eight connections and dis- 
connections are neci'ssary fur 
each act led from this sta- 
tion. 

The arrangement of tho 
station on the cross-cut way 
belter. 



fetation on Second South Way. 


Station on Cia*»-cut Way. 


which was made some time after the station just described, is much 
Here, Fig. 3899, the way from X to Z is made to dip gently inbye, and when the empty 
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set is brought inbye both rope ends are knocked off at X X, And the set runs forward by itself to 
Z Z ; the ropes uro then connected to the full set standing at Y Y. 


3900. 



The ropes are connected to tho set by means of 
the link, Fig. 3900. Thu fastening is secured by a 
cotter, C. 

I>uration of Ropes . — It is not known how long the 
ropes last, as a rope is first a main and then a tail rope, 
and is afterwards used as a tail wpo on a lighter plane. 
The general duration of the rope is supposed to be from 
two to three years. 

Lvruiomlcrry Sea ham Colliery, near Sunderland . — Tho 
engine-plane at Seahom Colliery is 2904 yds. long, the 
average gradient being a rise towards tho shaft of 1 
in 04. There are two stations by the side of the main 
way from which coals are led. 

Tho engine. Fig. 3901, is horizontal, and has two 
cylinders. The drums are 0 ft. in diameter; they 
are at right angles to the wagon-wav, and tho rojies 
are taken round tho turn by 4-ft. sheaves. Besides 
tho drums used for tho main engine-plane, there aro 
two others, one of which hauls the tubs from the 
workings in the low - main seam to tho shaft, and 
tho other is used for taking the full set down from the 
bnnkhead to the shaft. Koch pair of drums is con- 
nected with the engine by a movable carriage, tho 
single drums being put in and out of gear os required 
by a clutch. 

There are two Imilera underground, at some dis- 
tance from the engine. 



Dimension's op Engine, Boilers, and Ropes. 


Engine erected 1R56. 

Number of cylinders 2 

ft. In. 

Diameter of cylinders 0 18 

Length of stroke 3 0 

Diameter of piston-rod 0 2$ 

length of connecting rod .... 8 8 

In. In. 

Dimensions of steam-ports . . .. 12{xl} 

„ exhaust „ 12|xl£ 

Steam. Kahaust 

ft. ft. 

Length of breech-pipe .. .. .. 6 10 

„ main pipe 710 740 

in. in. 

Diameter of brecch-pipo .. .. 5 6} 

„ main pipe G| 7 

A In. 

Diameter of driving pinion . . .. 3 0 

# n followers 0 0 

„ . fly-wheels (2) .... 10 0 

Main. Tall 

. ft. in. ft. in. 

Diameter of drums .. .. 0 0 0 0 

flaV. ?. ,“ 8 } 8 6 8 6 

Width between flanges .. 10 16 

Width of brake 0 4 0 4 

Distance between centres of\ 1Q 

cylinders / w 6 

Boilers .. Number 2 

Description .. Ordinary egg-ended 

It. In. 

length over all 33 0 

Diameter 5 10 


Boikr. .. Area of heating aur-j ^ ^ ^ 



„ fire-grate.. „ 

20 „ 
ft in. 

Receiver . . 

Length 

10 0 


Diameter 

3 0 


Mala 

Tall. 


yd*. 

yds. 

Ropes . . 

Length .. .. 2600 

5N00 


la 

In. 


Circumference 2f 

•a 


cwta.qra. Ilia. 

cwU. qr*. Ihs. 


Weight .. 70 3 14 

138 0 0 


months. 

month*. 


General duration 8 

12 

Sheaves .. 

Number .. .. 340 

310 


ii*. 

lbs. 


Weight .. .. 26 

37 


In. 

in. 


Diameter .. Gj 

101 


ft. 

ft 


Distance apart 24 

24 

u*. 


Return sheave, weight 

..1428 

ft. 


„ „ diameter 

.. 8 
lb*. 

Rails 

Weight a yard .. .. 

.. 18 
ft. In. 


Length of each . . 

12 0 


Gauge of way 

2 0 


Kails laid on battens (6$ in. by 2 J in.X 
secured by sleepers spiked to them 
underneath. 
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Dimensions op Engine, Boilers, and Ropes — continued. 
Tubs , Fig. 3002 ; there are two sizes of tubs usod indiscriminately at this pit. 


Length (inside) .. .♦ 

Breadth „ .. 

Depth „ 

Height above rails 

Distance coupled 

Diameter of wheel 

Average weight (etnptv) 

„ coal contained 

Total number in pit 

Number required to work engine-piano 

Description of PLtnc , — The bridge rails on tho engine-plane are laid on battens. There are two 
short curves on tho plane. Fig. 3003, one of which is 7 chains radius. The gradient is a general 
dip iuhyc, the heaviest gradient being 1 in 23. 




At each station there are two sidings, with a main way between ; tho tubs are taken into tho 
branch ways over the*nain way by movable rails. 

The sheaves for the main and tail rope are placed 24 ft. apart; the tail sheaves ore all set 
between upright battens, about 3 ft. from tho ground. 

Description of Method of Working Plane . — The full set, generally consisting of G5 tubs, is drawn 
outbye from the station to which the empty set was lost taken, by tho main rope, the tail rope 
beiug attached to tho other end of the set : when it has reached the kep at the bnnkhend. these 
ropes are knocked ofl*. and the set is run down an incline a distauce of 450 vds. to tho shnft by a 
separate rope, which draws the empty set up to the lunkhead; the tail-roi>e drum is then put into 
gear, and the empty set is drawn inbve by the tail rope. 

The rope is attached to the fore end of thd sot by an ordinary hook, bnt at tho other end, the 
application shown below is used when tho sot is coming outbye, to prevent the set running amain 
should the main rope happen to break. Tho iron cow A B, Fig. 3iHH, is secured to the bar at B 
by a pin C D, which hangs over 
the top of the tub ; the short chain 
on the arm of the cow is hooked 
on to the main chain at E; when 
this chain is tightened, the pres- 
sure upon the short chain raises 
the cow, and prevents it from 
striking the rollers. If the main 
rope should break, the chain at- 
tached to the tail rope slackens, 
and the cow falls and keeps the 
set from running back. 

Experiments with Dynamometer. 

— Before any experiments were 
made with the dynamometer, it 
was tested by placing it in a 
hanging position, and attaching 
various weights to it The read- 
ings were fouud to agree with 
the weights applied. The dyna- 
mometer experiments are. in the opinion of the committee, unsatisfactory; and the comparisons 
which have been Attempted to reconcile the results, have not yet afforded sufficient data for the 
committee to draw any reliable conclusions. The committee, therefore, feeling that this subject 
requires considerably more attention, hope that some member of the Institute will take it up 
where they have left it. The committee record the observations only, and the mode in which they 
were taken. 

The experiments with this instrument show the traction, in cwts., required to overcome the 
resistance of the load upon the engine-plane, the readings being taken at the particular points 
indicated. 
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In the experiment* nt Seaham Colliery tlio dynamometer was applied ns shown in Figs. 3905, 
3906. 


The plank A is pro- 
longed on one side to act 
a* a buffer, to prevent 
too much slackening of 
the instrument. 

B is an iron crook 
fixed to an empty tub and 
made to fit the under- 
side of the dynamometer 
to support it when slack. 
After a few trials it was 
found practicable to work 
without the crook — the 
strain keeping the instru- 
ment in its proper posi- 
tion. 


3905. 



Side view*. 



The observer, lying on the tram, watched the needle continually, and noted down the readings 
nt the points at which indicator diagrams were taken. See Dynamometer Car. 

Seaton Delaval Colliery . — The engine-plane at Seaton Delaval Colliery is 2059 yds. in length, and 
is nearly level, having an average gradient of 1 in 643, dipping outbye. All the coals are led from 



MAIN ROPE 
DRUM 


the inbye end of the plane, there being no inter- 
mediate stations, Fig. 3907. 

The engine. Fig. 3908, by which the plane is 
worked, is a single -cylinder horizontal engine, and 
the main and tail drums are on different shafts ; the 
pinion and spur-wheels are of the same size, and 
thus the drum makes one revolution for each stroke 
of the engine. The diameter of tho cylinder is 28 in., 
the length of the stroke 6 ft, and the diameter of the 
drums 6 ft., the main-rope drum being covered with 
a coating of hemp rope, making it C ft. 2 in. The 
ropes have a direct lead from the drums to tho com- 
mencement of the plane, tho distance from the engine 
to the point from which the set starts being 231 yds. 

The engine, during the day, hauls the coal and 
pum)Mi wuter into the boilers, and nt night pumps 
into the boilers. There are four boilers close to the 
engine, only three of which are iu use at the same 
time. 

This plane has been worked by engine-power 
rnther more than twenty years. About 480 tons a 
day aro now led, whilst formerly as many as 1300 tons 
have been led in one day — the average quantity being 
then 1100 tons a day. 

The main rope originally wns 3J in., and tho 
tail rope 3 in. in circumference ; the ropes are gene- 
rally replaced by pieces, and as they aro not pur- , 

ticular about always using tho 3|-in. rone for maiu ’ 

2JP®> the quantity of this rope is constantly varying; at present thcro is only 1400 yds. of it upon 
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Dimensions or Engine, Boilers, and Roi*es. 


Diameter of cylinder .. 


ft. In. 
2 4 

Length of stroke 


6 0 

Diameter of piston-rod (passes 
cylinder) 

through | 

0 5| 

Length of connecting rod 

.. .. 

11 1 

In. In. 

Dimensions of steam-ports .. 


2ixl2 

„ „ exhaust n .. 

Strum. 

ft. 

Six 12 

Lxhaa»t. 

ft. 

Length of main pipe .. 

.. 93 

In. 

100 

In. 

Diameter of main pipe 

.. 7J 

ft. 

7 

In. 

Diameter of driving pinion.. 

C 

0 

„ „ followers .. 

.. 6 

0 

„ „ fly-wheel (1) .. 

.. 15 

Main, 
ft- In. 

0 

Tall, 
ft. In. 

Diameter of drums 

6 2 

C 0 

,, „ including 1 

flanges } 

11 0 

11 0 

W with between flanges 

3 6 

3 6 

Width of brake 

0 5 

0 5 

Cylinders, boilers, and pipes not covered. 

Boilers .. Number 

.. 4, 

3 in use 


Description .. Ordinary egg-ended 
A “ e of heatin « •"•leach 108 aq. ft. 
Arc* of firefnto .. 22*5 „ 


ft In. ft In. 
Boiler* . . Length over nil 2 nt 30 0 2 nt 25 0 
Diameter .. 2 „ 5 6 2 „ 6 0 

W ^'[ 1 „3‘ m,wl m } 1578 cub. ft. 



Main. 

Tall. 

Ropes, or 
Chains 

\ vda. 

J Length .. .. 2282 

y«l*. 

4491 


In. 

tn. 


Circumference .. 3j 

3 


cat*, qr*. lb*. 

ewia. qrs. lb*. 


Weight .. 233 0 23 

336 0 2 


month*. month*. 


General duration 24 

24 

Shea css . . 

Number .. 146 37 50 

142 31 CO 


w £:, p "} s » 55 

lbs. lbs. Ihn, 

39 26 40 


inches. 

inche*. 


Diameter .. 6 6 9 

6 6 9 


ft. 

ft. 


Distance apart.. 24 

24 


In. In. 


Extra sheaves at\ 29 at 10 24 at C 


curves, Ac. ../ 

17 „ 10 



lb*. 


Return sheave, weight . 

.. 952 

ft. In. 


„ ,, diameter 

..7 0 


Desrriplioti of Plane . — The plane is laid with brood-topped rail#, in 15-ft. lengths, weighing 
20 lbs. n yard. The wuy is laid on chairs 3 ft. apfirt, and the gauge of tho way is 2 ft. 4 in. There 
are three slight curves on the plane, all turning in the same direction ; the radius of No. 1 curve is 
10 chains; No. 2, 10 chains; and No. 3, 12 chains. Nos. 1 and 2 curves are close together. The 
ropes are carried round the curves by bell-sheaves 10 in. in diameter. The usual distance of 
the rollers apart is 21 ft., blit this is not always observed; there are three descriptions of rollers 
used, the 6-in. rollers being most common both for the main and tail rope. 

The ropes run off and on to the drums on the upper side, and aro carried near the roof to tho 
station. The tail wheel inbyo is also placed near the roof, and tho ropes aro raised to it by sheaves. 

This plane is worked in very much the samo way as tho majority of tail-rope planes in this 
district, but instead of having the usual kep for the full tubs to run down upon to tho shaft, the way 
is laid level, and tho onals are led from the station to the shaft by horses. On tho end of both main 
and tail ropes there are fixed about 15 yds. of chain, with two or three large links inserted at 
various distances apart, and one of these links is attached by an iron pin to the loop of the centre 
bar of each end tut) of the set, according to tho position of the set at tho station. In taking the 
empty set of tubs inbye, the tail rope is first connected to tho set, and then the main rope, and tho 
set is drawn inbye by the tail-rope drum, tho muin-ropa drum Wing out of gear, with just a slight 
weight hung upon the brake-lever, to prevent the drum from over-running tho rope. When the 
set reaches the inbye station it is allowed to stop before knocking off the ropes. The full set is 
brought out in a similar way by tho main-rope drum, the tail drum running loose on tho shaft, with 
a light weight on the brake-lever. 

Il'irraton Colliery, near Durham .— In the application of the tail-rope system at this colliery two 
branches are worked, and the avenge gradient is in favour of the full tul*. 

The engine-plane is 1795 yds. long to the north-way terminus, and 1720 yds. to the west-way 
terminus. Tho avenge gndientfrom the north-way flat to the shaft is a dipoutbje of 1 in 83. 

At present about 650 tons a day aro led along this piano, uearly equal quantities being led from 
each of the branches. 

The hauling engine is vertical, and has two 20-in. cylinders. Tho drums are 5 ft. 2 *n. diameter, 
and the ntioof the pinion to the spur-wheels is as 3 to 4, thus causing the drams to make one-third 
more revolutions than the engine. 

The three boilers by which steam is supplied are on the surface, and connected with the other 
boilers employed on the surface. Juckc’s furnaces arc used for firing. Tho engine works both day 
and night, but at present is doing very little work at night. The engine-plane has been at work 
only five years, ana the engine, rails, tubs, and bo on, are in very good condition. 

The lead from the engine to tho terminus of tho plane near tho shaft is not direct, tho ropes 
being taken by large Bheavcs round a right angle 27 yds. from tho engine. 


Dimensions or Engine. 


Number of cylinders 2 . ft. in. 

It tn. Length of connecting rod 6 0 

Diameter of cylinders 2 2 tn - 

Length of stroke 3 0 : Dimensions of steam-ports 17 X lj 

Diameter of piston-rod 0 3} ; »* i» exhaust „ 17 X 2 
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Length of hreech-pipo .. 
„ main pipe 

Diameter of breech-pipe . . 
„ main pipe .. 


Dimensions or Engine— oontinueO. 


8tr*m. Exhaust 


ft 

ft 

27 

20 

570 

251 

In. 

It. 

5 

0 

9 

7 


Diameter of driving pinion 

„ followers 

„ fly-whccl 


ft in. 

4 2 

3 2 

8 2 


Description of Enyinc-plm .— Tho plane is laid with heavy-topped chair rails, weighing 22 lbs. a 
vnrd. There are two curves on this plane, both 26 yds. radius ; No. 1 curve being 06 yds, long, and 
No. 2, 80 yds. The moin rope is taken round tho curves by Bheaves, 4 ft. in diameter, with several 
2-ft sheaves placed closo enough together to form an almost regular curve for tho ropo. The tail 
rope is taken round a 6-ft. wheel at No. 1 curve, and a wheel of 8 ft. diameter at No. 2 curve. 

The return wheels are 8 ft. diameter, and arc placed diagonally. The main rollers arc 8 in. 
diameter, and the tail-rope rollers 13$ in. diameter. The large pulleys used on this plane have 
wronght-iron rods for spokes. 

At No. 2 curve the inner rail is laid about 3 in. higher than the other. Though tho set passes 
round this curve at the rate of ten miles an hour, no accident has ever occurred. 

Description of the Method of Working the Plans . — There are 63 tubs in a set. In going inbye the 
set is attached to tho rope by two knock-off links, and is taken to the junction A. As the set is 
taken nearly alternately into each of the branches, the arrangement of ropes is altered at this 
junction, os the ropes of the way last visited are then on the set. Suppose the set has been last in 
the west way, in going inbye again, when it has arrived at this junction, tho tail rope at the inbye 
end of the set is removed, and replaced by tho north-way rope ; the shackle connecting the main 
tail rope with tho west-way branch rope being held by a wooden clamp, fixed at the junction, while f 
the end of the north-way rope is being attached to it. This shackle-joint is stopped always at tho 
same place ; and as tho branch-rope end is brought to this point whilst the set is coming inbyo, 
they are connected immediately. As this connection is made by the man attending tho junction, 
while the connection at the end of the set is being made by the run-rider, the time taken up by tho 
change is very short, generally not more than two minutes. 

The annexed sketch, Fig. 3909, shows the position of the ropes just when the tail rope 



3909. 


has brought the shackle-joint near to the 
clamp, which is then screwed up. As 
before described, the west-way ropo is then 
taken off, and the north- way rope con- 
nected. When the end of the north-way 
rope is not just opposite to this point, it is 
drawn up by a winch, fixed here for the 

purpose. 

In coming oufbyo, the set (from either 
way) comes out to the shaft without stop- 
ping. At tho for© end of tho set is fixed 
tho self-acting knock-off link. Fig. 3910. 
When the set arrives at tho top of the kip, 
and moot of the tubs Are over the brow, 
a piece of iron, fixed to the roof, comes 
in contact with the arm A of the knock- 
off apparatus, and releases the main rope, 
which falls off to one side. The engine 


is then stopped, and the set is let down by 
the tail rope, which is still attached, till 
tho first tub (if there are no full tulw stand- 



ing) reaches the shaft. Whilst going down, sproggs arc put into the tub wheels, by means of 
which the tube are afterwards let down to the snaft as required. 


8 GIU ’2 
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Fig. 3911 represent* the knock-off link used at the other end of the set. When the repo has to 
be disconnected, the cotter at C is removed, and the link L is pushed off by the foot. 



Rujrfs Apparatus for Carrying and Tipping Coal, Figs. 3912 to 3917. — This invention of A. Iligg, 
jun., has for its object the formation of an improved apparatus far carrying and tipping coat and 
other minerals. The apjwimtus consist* of n platform sustained on axles or rollers which carries 
the wagon or other receptacle containing substances to l»e upset, the centre of motion being so 
adjusted that when full the weight of minerals overturns the whole, and when empty returns to 
tho original position, unless restrained. Towards thnt portion of the wagon which descends lowest 
in overturning is fixed a plate or riddle, movable with the machine and attached to it at any 
angle, either curved or straight. 

For the larger sixes of machines the inventor prefers steam-brakes, which possess a cylinder 
closed at both ends; a largo passage communicate* steam to tho upper or im|>elling side, and a 
smaller opening supplies the lower or retroating side, and to this side is connected a largo escape 
tan or valve to be regulated at will, or the inlet to the lower side may bo made to reduce as the 
exhaust or escape valve opens. Any extent of pressure may be obtained bv enlarging the escape, 
while the inlet to tho upper side remains unaltered, and the brake may be throwu nut of action 
by closing the exhaust- valve. This form of brake is also applicable to steam-engines or other 
machinery. 

Figs. 3912, 3913, represent end and side elevations of one modification of this tipping machine 
for loading wagons and ships; it is easily perceived thnt the principle admits of variation to suit 
any size or description of wagon, whether with end doors opening «>r not. 

By reference to the Figures above mentioned it will be seen that the apparatus consists mainly 
of a platform A, carrying a shoot B at ono end, which shoot may bo horizontal, as shown in 
Figs. 3912 to 3917, for railway trucks open at the ends, or vertical for smaller wagons with closed 
.ends, or it may be at any desired angle, or the shoot may be replaced entirely or in part by a 
screen or curved plate. The platform A is so balanced that it remains in tho position shown, 
ami returns to it even when carrying au empty railway wagon. This platform is supported on 
two axles C, C, and upon a segment wheel I), which has teeth gearing into those of a pinion E 
on the brake-shaft F. The brake-wheel G is fixed on snch shaft, and is regulated by a Nuke II, 
where steam or other elastic me- 
dium is available. A hand-wheel 
J or other regulator placed in 
some convenient situation, deter- 
mines when tho brake shall bo 
brought into operation or thrown 
out of nsc. On a loaded wagon 
being placed on tho platform, a 
powerful tendency to overturn is 
at once manifested, but such ten- 
dency is checked and controlled 
by the brake, for it will bo ob- 
served that the centre of gravity 
of the cool or other mineral is 
considerably in advance of (lie 
centre of motion of the tipping 
machinery. On the end door of 
tho wagon being opened, and the 
tipping movement allowed to con- 
tinue, the minerals or materials 
slide easily down the shoot into 
the boat or other depository. It 
is necessary that a greater incli- 
nation should be given to the 
part of the shoot next the wagon, 
in order to remove all the coal, 
than is proper for the outer end 
of the shoot, for which reason 
the curved portion at the end 
is applied, which comes into 
action and checks what might otherwise prove a damaging velocity. The dotted lines explain the 
movements just described. 
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After the delivery of 
the coal* or minerals, the 
apparatus return* into 
it* horizontal {Kwition, 
such return being regu- 
lat<*d in its speed by the 
brake. 

Figs. 3914, 8915, re- 
present on u larger scale 
the brake II above men- 
tioned. From the side 
elevation and section. 

Figs. 3914, 3915, it will 
be seen tiiat the appa- 
ratus consists of a cylin- 
der II with piston K, 
similar to that of a steam- 
engine, and it is preferred 
to make the piston-rod of 
larger diameter than is 
usual for a steam-engine, 
portly for security. A 
constant communication 
exists l>e tween the boiler 
and the upper side of 
tho piston, and also 
between the boiler and 
tho valve-chest. In this h 
valve-chest one passage g 
leads to the lower side 
of the piston, and tho 
other to the exhaust. 

Tho valve is shown 
in Figs. Jt915 to 3917, 
and is arranged to cover 
both ports. Figs. 3916, 

3917, show side and end 
elevations of the valve, 
which 1ms a passage (1) 
completely through it 
corresponding to steam- 
port at the lower end of 
tho cylinder, and a recess 
(2) which is arranged to 
cover the exhaust and 
steam |>orts when neces- 
sary : while the opening 
(1) in the valve corre- 
sponds to the port lend- 
ing to tho lower side of 
cylinder, an equal pres- 
sure is maintained on 
both sides of tho piston, 
except what is duo to tho 
dinmeter of piston-rod, 
which difference always 
keeps tho brake-band 

slack when out of action. When the valvo is turned so that the recess (2) in the valve covers 
both tho steam nnd exhaust ports, an escape of steam will take place, which, by reducing tho 
pressure on the lower sido of the piston, whilst the pressure at the upper surface of the piston 
remains in fall force, causes tho brake to come into action with a force depending on the rapidity 
of the escape of steam allowed. Tho brake will be put out of action by turning the valve, so as 
to allow a free flow of steam again into the lower end of tho cylinder. By making the partition 
in the valve somewhat narrower than tho opening of tho port, steam can bo partially admitted 
whilo some escapes, thus giving a greater range of pressures, and maintaining as long as required 
the necessary force. 

M urton Colliery , County of Durham . — There are no branches worked by tho tail rope at this 
oolliery ; but thero is a station (liollflcld station) by tho sido of tho main way, from which part of 
the coals are led. 

Tho length of plane the coals are lod over from the snuth-CAst or far-off landing is 2770 yds., 
and 1978 yds. from the llallfield station, the distanoo from the engine to tho tail wheel being 

2816 yds. 

The hauling engine is a double 18-in. cylinder horizontal engine, with 2-ft. stroke. The main 
end tail drums are 5 ft. in diameter, and on tho second motion the revolutions of tho pinion-wheel 
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to the spur driving the main drum being aa 2-387 to 1, and as 1 • 581 to 1 to the spur-wheel driving 
tho tail drum. The drums are put iu and out of gear by shifting carriages. 



Dimensions of Tubs , Figs. 3918, 3919. — Length inside, 3 ft. 9 in.; breadth at top, 3 ft.; breadth 
at bottom, 2 ft. 1 in. ; dopth, 2 ft. 4$ in. ; height above rails, 3 ft. 5 in. ; distance coupled, 1 ft, 6 in. ; 

3918. 3919. 


diameter of wheels, 1 ft. 2 in. TotAl number in pit, 450. Number required to work engine- 
plane, 288. 

Description of Engine-plane . — Tho plane is laid with chair rails, in 12-ft. lengths, weighing 
24 lbs. a yard; tho gaugo of tho way is 2 ft. 8 in. The tub used has wheels 14 in. in diameter, 
and carries about 10 cwt. of coals. 

There are two curves on the plane. No. 1 curve has a radius of 154 yds., and No. 2 a radius of 
42 yds. The averago gradient of the piano is 1 in 83 rise outbye, and tho heaviest gradient is 1 in 
25; part of the plane is level, but no part of it dips towards the shaft. The rollers and sheaves 
Med for carrying the rope are for the most part 0 in. in diameter. The main rope is taken round 
No. 2 curve by drum-sheaves, 2 ft. in diameter, and the tail rope by ordinary 2-ft. sheaves. 

At the Hallfield landing there is a pair of switches leading on to a doublo line of rails, for full 
and empty tubs. 

6 c 2 
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The lend for the ro|K*s from tho drums to the engine-plane is direct. The main rope is 2jf in. 
in circumference when new, and the tail rope 2§ ill. 

Near to the Hull field landing there is a three-cranked single-action force-pump, worked by tho 
tail rope by means of three friction- wheels placed as shown in Fig. 3920. 

A similar pump is 
worked by the tail wheel. 

It is difficult to arrive at 
the share the pumps have 
in the wear and tear of 
tho ropes, but it is esti-' 
mated in the account of 
cost of maintenance at 
one-third of tho whole 
cost ; that is, were the pumps and tho wheels necessary to drive them done away with, the tail rope, 
instead of lasting six months, as at present, might be worked for nine months. 

Description of Method of Working the Wiw, — There are forty-eight tides in a set of full or empty 
tubs. No run-rider is employed. The main rope is Attached to the set by fastening the shackle, 
which is on the end of tho chain, to the coupling chain of the end tub, with n pin, which is secured 
by a spring cotter, Fig. 35*21 ; and the tail rope is attached by placing tho end link of the chain in 
the centre bar, securing it by the pin, which is a fixture on the end of the tub, Fig. 35*22. 


3920. 





Fastening at the Main-rope end. Fastening at the Tail-rope end. 

In going inbye, when the ropes are attached to the set, the station boy raps to tho brakesman, 
nnd the Bet is started. The set is always stopped at the Hallfield landing, till a rap is given from 
there telling the brakesman into which way he Las to go ; if for the Hallfield way, the switches are 
opened, and the net passes on to tho empty siding. When the ropes are disconnected, the set runs 
a short distance along the siding, in order to allow the ropes to be attached to the full set. When 
the set goes into the south-east way, no rap is given on tho set reaching the fiat, as the brakesman 
knows from tho position of the rope upon the drum when to stop the engine. The full set is gene- 
rally standing as nearly os possible opposite to the point to which tho empty set runs. Should the 
set, however, here, or at either of the other stations, not be conveniently situated for the ropes, a 
lengthening chain (several of which arc kept in rcadiuess) is put on, and it is thus very seldom 
necessary to move the ropes. 

In coming outbye, when the set arrives at the bankhead. the Btation boy rapB to tho enginemnn 
(by a rapper distinct from the main rapper), and tho full set is stopjxd opposite tho empty set, |«art 
or all of which is generally standing ready to go inbye. When the set stops, the pin fastening the 
main rope to the sot is usually very tight, and has to he drown out by a lever kept for the purpose. 
This method of attaching is not so convenient as the slip-link fastening, by which the rope can be 
easily disconnected by the foot. 

From the bankhead tho coals nro taken about half-way to tho shaft by a tail ropo; tho tail 
rope is then knocked off, and the set runs to the shaft, dragging the main rope after it. The main 
ropo afterwards draws the empty set up. Tho cog-wheel for driving the small drums required for 
this work is under the pinion-wheel of tho engine, ami can be put in and out of gear whilst the 
engino is working the main engine-plane, by reducing the speed of the engino for a short time. 

Experiments vith Dynamometer . — Tho dynamometer was tried only upon the main ginney moil, 
Nos. 1 and 2 ginney roads being too low to admit of its being used with safety. It was first 
brought in on tho empty-tub way, and then taken out on the full way. Three other experiments 
were also made to find the tractive power required to work the main road, aijd the two branches 
working BOj*aratcly ; these were mode in the first 248 yds. from the station, rising I in 17, and tho 
readings were noted at three different places on the hank. The dynamometer was attached to the 



®hain, os shown in Fig, 3923. by coupling chains on one side, and blocks on tho other; the blocks 
were then drawn up, and the main chain made slack. 
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Abstract op Experiments with Indicator. 




— 

Sti-am Lbs. 



Speed of 
Button. 


Series. 

Description of Work. 

OsagS 


Indicator 


Stroke* 

Fact 

llora«- 

poacr. 



Boiler. 

.steam. 

Back. 

Effective. 

* 

mtn. 

• 

in In. 



Engine going full work, both winding! 
and ginney chains going in shaft, anil 
I Nos. 1 and 2 ginney s underground . . | 



| 





A ! 


24 1 

7*8 

16*3 

GO 

240 

29*11 

B 

No. l ginney going alone 

:«l 

22*6 

5*G 

170 

GO 

240 

30*36 

C 

No. 2 ginney going alone 

' Nos. 1 and 2 ginneys not working, and) 

34 

23*11 

6*05 

17*06 

GO 

240 

30*47 

I) 

both chains going in shaft; winding 

full tubs 

Nos. 1 and 2 ginneys not working, and 

32 

22*8 

c-o 

1 

16*8 

GO 

240 

30*00 

K 

both chains goiug in shaft; windiug 

efiipty tubs 

| Winding chain going alone in shaft. 

32 

3*8 

1*6 

2*2 

GO 

240 

3*93 

F 

winding empty tul>s ; all ginney 
| chains being out of gear 


3*5 

1*6 

1*9 

GO 

210 

3*39 


Power required to work the engine, together with 
the winding chain working empty tube in the abaft, 
all the endless chain being out of gear, and the chain 
in the shaft being disconnected from driving wheel 
by blocks, as shown in Fig. 3924 (F); at GO strokes a 
minute. 3*30 hone-power. 

Power required to work the engine, together with 
the winding chain, and the hauling endless chain in 
the shaft, and underground to the pulley, all other 
underground chains being out of gear, see E tabu- 
lated form; at GO strokes a minute, 3*93 horse- 
power. 

.*. Tower required to convey the endless chain down 
a shaft 75 ft. deep, and underground for a distance of 
27 yds. ; — 

Both Winding chain* Horst- 
• chains. alone. power. 

At GO strokes 
minute . . 


3*93 - 3*89 = 0*54 



Calculation op Friction of Chain in Shapt. 


Cwt. 

Moving wight. — Pulleys, 2 at 4 cwt. 8 

„ 2 at 1 cwt 2 

„ for tightening chain at bottom 1 

Suspended weight (W on section) .. 8 

— 19 


Chain . — The two sides of the clinin in the shaft counterbalance each other, so 
that only the horizontal chain is to be considered ; 27 yds. x 2 — 54 
X 16 lbs. a yard 


. f.i y 33000 

Speed of chain in shaft, 15C ft. a minute. Then — 7~ = 1“ 92 cwt. 

^ 112 x 156 ft. a minute 

Then total friction = of total weight of horizontal chain, pulleys, Ac. 

Power required to work engine and wind coals, and to drive all the endless-chain mads 
underground, the averngo gradient of which is a fall ouihye of 1 in 20 (A); at GO strokes a 
minute, 29*11 horse-power. 

Power required to work engine, wind coals, and to drive No. 1 ginney road only (B) ; at GO 
strokes a minute, 30*30 horse-power. 

Power required to work engine, wind coals, and to drive No. 2 ginney road only (C); at GO 
strokes a minute. 30*47 horse-power. 

It would appear from the three experiments above, that it requires leas power to work both 
ginney roads together, than when going separately. The power required for winding coals by this 
system is shown by this experiment to Im? 



Engine, Ac. 

30*00 — 3*39 = 26*61 horse-power, to wind 417 tons 75 fas., a day of 8} hours. 
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Power required to work engine nnd wind reals -the hauling ehain in the shaft being also in 
motion, hut all the underground ginlioy roads being out of gear (D) ; at CO strokes a minute, 

30 £l°Xrnn bo seen that the working of the underground ginney roods assists the winding 
of the coals to the extent of 30 00 — 29' 11 = ■ 89 horse-power. ,, 

Mfiwwr System.— The method of conveying coals by this system of applying the endless 
rone has hitherto been very rarely adopted. It is chiefly in operation iu the Midland Counties. 
Tbo following planes have been reported on, but experiments have been made at the first 

tn * I,'_g|,ircooks Colliery, Nottinghamshire— Underground plane in a straight line, and rising 

IL— Cnlifonda Pit, Wigan— Threo underground planes, branching from the pit, and worked by 
one engine; a short curve on one of the planes. 

Varieties of the No. 1 endless-rope system are in operation at the billowing collieries ;— 

XII Ncwsham Colliery, NorthumU'rland— Straight undulating plane, with no branches. 

IV —Eaton Mines, Yorkshire — A short rope workiug three branches from a main line. 

V.* Cinder hill Colliery, Nottinghamshire— Level plane, with no branches; oudless rope 

worked at slow speed. „ , , . , . r 

This system la a modification of the tail-rope system. The following arc a few of its chief 

characteristics; — ' * 

1. The rope, as the name implies, is endless. ....... . 

2 To give motion to the rope a single wheel is used, nnd friction for driving the rope is 

supplied either by dip-pulleys, as at Ktiin.stks, Newsham, and Eaton, or by taking the rope over 
several wheels, as at the Cin'derhill and California Pits. ... . _ . . 

3 As only one ilriving wheel is used, tbo rope has to bo kept constantly tight ; this is effected 
bv noosing it round a pulley fixed upon a trani, to which a hanging weight is attached. 

4F.ithcr one or two lines of rails are used ; when a single line is adopted, as at Newsham, the 
rots- works backwnrds nnd forwards, only one part of it lieing on the wagon-way, and i tbo other 
running bv the side of the wav; when two lines nro used, as at blnreoaks, Cinderhlll, and the 

California 'Pit, the rope moves always iu ono direction, aud the full tubs come out on one line, tho 

empties going in on the other. ... . , , 1 , . 

S The set of tubs is connected to tho rope either by means of a clamp, or by sockets m 
tlie rope to which the Bet is attached by a short chain. Tho former method is in uso at 
Shire-oaks, Cinderhill, and the California Pit, whilst the Utter is adopted at Newsham and Eston 

(i The working of curves and branches has hitherto been scarcely attempted by this system. 
At California Pit there is a slight curve on one of tho ways, which works well. 

The various motliods of applying this system are described in the following ltcports or tho 

p l*””rlw*' w 'viwrv, AoltragAomsAire. — -The No. 1 endleas-ropo system has been in operation at 
filiireeaks Colliery for about four years. The engine by which tbo rone is worked is a double 
horizontal engine, with two 12j-!n. cylinders. Tho boiler is single tubular, with Galloway s cross- 
tubes, and is placed underground at a very short distance from tho engine. 

Dimension's or Engine, 

Engine erected 1856. 

Number of cylinders .. .. 2 

ft. In. 

Diameter of cylinders .a .. 0 12^ 

length of stroko 2 0 

Diameter of piston-rod 0 1-ft 

Length of connecting rod .. .. 5 10 

Steam. Exhaust, 
ft 

Length of breech-pi pc .. 

„ main pipe .. 


Boiler, and Hopes. 

ft. In. 

.. 25 0 

..6 0 
ft ft. ft. 

Hot- wn ter tank (through j 9 x g x 4 


Boiler . . length over all 
Diameter.. 


which exhaust passes)/ 


Diameter of breech-pipe 
„ main pipe 


0 1 } 
62 64 
In. in. 
0 32 


4 

ft 

2 

4 


in. 

8 

0 


Diameter of driving pinion (fric- j 

tion gear) / 

„ followers 

fly-wheel None 

„ clip-wheel .... 

Distance between centres ofl 

cylinders •• / 

Boiler ..Number 

Description — Singlo tubular, with 3 
Galloway's tubes. 

Area of heating surface, 494 b<j. ft. 


4 0 
2 5 
1 


fire-grate 


19 


Hope 


yiia 


Length 1590 

in. 

Circumference .. .. 2 1 

cwta. qr*. lbs. 

Weight 25 2 21 

months. 

General duration .. .. 18 

106 
Its. 

14 

In. in. 

5 x 16 
ft 
45 
lbs. 

18 
ft 
12 
4 
ft. 

2 

Good 


^ um * >er on way) 


Weight a sheave 
Diameter,. 
Distance apart 
Bails .. Weight a yard 


Length of each 
No. of linos .. 


Gauge of way .. 
General condition 
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Dimension's of Tnw. 



ft 

tn. 

Length insido 


8 

Breadth 


0 

Depth 


5 

Height above rails 

.. .. 2 

4} 

Dislanco coupled 


4* 

Diameter of wheels 


n 


Total number in pit 450 

Number required to work endless- 1 25 /: 

rope piano / 

Work done, 320 tons a day of 11 hours 
(1 hour allowed for meals). 


Description of Engine-plane . — The engine-plane is laid with a double way: the empty sets going 
in on one side, and the full sets coming out on tho other. It was originally intended to have sets 
coming out and going in at tho same timo, but the limited quantity of coals now l»eing drawn 
renders this unnecessary. The plane worked by tho endless rope is 750 yds. long, with an 
average riso towards the shaft of 1 in 4K; tho heaviest gradient being 1 in 29. Tho same engine 
also draws coals along a Ningle-rope plane, 737 yds. long, tho average riso of which, towards tho 
shaft, is 1 in 15. One of Fowler’s c)i|>-pulleys, 4 ft. in diameter, is used, to give motion to tho end- 
less rope. The wheel is in a horizontal position, and is connected by mitre-gearing to tho 
friction-gearing by which it is worked. Tho pinion friction-wheel is 2 ft. 8 in. iu diameter, and 
drives two spur-wheels of 4 ft. diameter, one for tho clip-pulley ami the othor for the single-ropo 
drum. The friction-gearing is found to answer exceedingly well, and is very convenient for putting 
out of gear, a movement of J in. being sufficient to disconnect tho wheels; this is effected by tho 
shafts of the spur-wheels being placed in eccentrics. 

As it was found desirable, in the adoption of tho clip-wheel, to cause tho ropo to pass round as 
large a circumference of tho wheel as possible, in order to get as much of tho grasping effect of the 
clips as practicable, tho ropes at a short distance from tho clip- wheel are crossed, as shown in 
Fig. 3925. 



In working the endless rope by tho clip-pulley, it is necessary to keep it very tight, as other- 
wise it is apt to slip out of the clips; this is effected by having the wheel inbyo placed on a 
carriage moving on wheels, and tightened by a chaiu, passing down a small staple, os shown in 
Fig. 3926, to which a weight of about 15cwt. is suspended. The weight descends as the rope 
stretches, and thus constantly keeps tho rope at the same tension. 



The wire ropo is } in. diameter and is mode of steel, weighing 
1 • 81 lb. a yard. The rollers on tho wagon-way aro of wood, 5 in. 
in diameter, and weighing about 14 lbs. each: they are placed 
abont 1 5 yds. apart. The tubs used hold about 5’ 9 cwt. of coal, 
and tbero are thirty-ono tubs in a set. 

Wrought-iron sounding bars, j in. in diameter, aib used for 
signalling to the engineman ; the run-rider carries a piece of iron, 
with which ho strikes the sounding bur ; the signal is heard very 
distinctly when the engine is standing, but w hen iu motion the 
brakesman has to stand near tho termination of tho bar. 

Description of the Method of Working tfie Engine-plane by the No. 1 Endless-rope System . — The rope 
in passing from tho clip-pulley on tho outbye end, and to the tail wheel at the inbyo end, gf***i 
under the rolley-way for about 80 yds.; tho tuba can thus pass over tho rope in coming from the 
shaft. Fig. 3927. 

In taking tho sot inbyo, tho tubs arc coupled together at tho benkhead, and the run-rider, who 
rides in the first tub at the front end of tho set. first hooks tho chain affixed to tho clamp on to the 
iron loop at the end of the centre bar of the tub, and then fixes the clamp upon the rope, which is 
always upon the middle of the way ; this clamp is closed by a handle-lever, passing over tho 
curved end, and by tho insertion of an iron pin is kept firmly fixed without the pressure of tho 
hand. Tho clamp has such a strong hold upon the rope, that in a case of tho set being stopped by 
some obstruction, the ropo has been found to break rather than slip through the clamp. 

The clamp having been fixed to the rope, the run-rider striked the sounding bar, and tho ropo 
moves forward, the man pressing upon tho handles of the clamp to keep it pcrpeudicular, uud the 
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tuba being pulled forward by the chain on the clamp. The net at the start in about 45 yds. from 
the engine, and in on a gradient of 1 in 520 fall ; the next or middle gradient is 1 in 47. As the 
set is found to overrun the clamps in going inbyo at this latter gradient, six spragga are placed 
in the wheels of the tubs at the end of the set, to prevent the tubs getting together and becoming 
uncoupled. At n distance of 804 yds. from the engine, and about the middle of the 1 in 47 
gradient, the clamp is taken off the rope whilst in motion, ami the set runs forward by itself. 
When the clamp is disconnected, the run-rider raps to the engine — though the running away of 
the rope w hen disconnected is sufficient to let the brakesman know — and the repo is stopp'd, the 
engine then being free to work the single-rojje way. 

3*tt. 



There are two stations from which cool is being drawn at present ; the first being 040, and the 
second aliout 705 yds. from the engine. When the gatig or set lias to go to No. 15, or the first 
station, the points are placed for this, and the set, then disconnected from the rojio, runs round the 
curve into the station ; the rope at this curve posses under the rolley-way, so that with this 
arrangement the clamps could not pass this point. When the set is intended for the far-off station, 
or No. 18, it runs by itself from the knock-off point, the spraggs being taken out, when necessary, 
by a boy, who rides with the set for the purpose. 

In coming outbyc, the clamp is also placed at the front end of the full set, which is pulled out 
to within 140 yds. of the engine, when the clamp is removed, and the tubs run forward to a point 
from which they are taken to the shaft by horses. The expressions outbyc and inbyc, which occur 
frequently in this Report, are terms used in the North of England; the former to denote the end 
of the engine-plane nearest to the shaft, und the latter the end nearest to the workings of the 
mine. 

When bringing the full tuba out, the strain of the full set upon the damp chain raises the ropo 
a little and prevents the clamp from striking the rollers; but in going inbye, where there is much 
less strain, the clamp, in passing over the rollers, touches them slightly. 

The engine cannot pull coals from the endless-rope way and the single-rope way together, 
and if this were possible, it would lx; hardly worth while, since it uever goes for more than 3J 
minutes at a time in working the endless ro|>c. 


Experiments with Dynamometer. 


Series. 

Work dons 

No. 

Tima 

Reeling 

of 

Dynamo- 

meter. 

Instance 

travelled 

In 

yard*. 

Speed. 
Mile* an 
hour. 

‘1 

Full tubs coming out. 

2 

8 

b. tn. k 
12 0 0 
12 0 30 
12 2 15 

12 8 1 

nrt 

14 

10 

5 

*• 

.. 

1 


12 3 40 

' 055 

010 

"I 

Empty tubs going in. 
Knocked off 

— 

8 

2 

1 0 0 
1 (1 43 
1 2 05 

i 

l 



I 



319 

3 0 


These experiments were made with a set of thirty-one tubs, the dynamometer being placed 
between the first and second tubs. 

A piece of iron. A, placed between the two tubs. Fig. 3028, kept them at a regular distance 
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n|Mirt, and prevented the possibility of the chain, by which the dynamometer won suspended, 
becoming slack. 



California Pit , near Wigan * — At thia pit the endless rope is worked on the same plan as that in 
operation at Shireoaks Colliery. As experiments wore made at Shireoaks to show the power 
required for a certain gradient with this endless rope, it was thought that a few notes of the mode 
of applying the system at the California Pit would lie sufficient to show uuything different in tho 
application of it from what has l>een already described. 

The engine by which the planes are worked is underground. It has two 14-in. cylinders aud a 
2-ft. stroke. 

There are three distinct planes worked by thia engine, all falling from the shaft. Tho following 
are some general particulars of each of tho planes ; — 


Name. 

Length. 

Average gradient. 
(Approximate.) 

No. of tub* 
• set. 

Time required U» 
bring eel out. 

Ton* led 
A day. 

North Level . . 

.. 1 620 

} in. a yard 

20 

3 minutes 

130 

Down Brow . . 

1370 

2} .. 

12 

4 .. 

120 

Duke's Slant 

740 

3 

20 

7 

180 


The tubs used hold G cwt. Each of the throe ways is worked by two driving wheels, acting as 
one wheel with a double trod : these wheels are all clow* to the engine, ami are horizontal. 
Motion is transmitted to the driving wheels bv mitre-gearing. By an arrangement each of the 
driving wheels can Is* put in ami out of gear when necessary ; the three handles required for this 
are close together in the engine-house, and mitre-gearing is also used for working them. 

The rope used for all the ways is of steel, f in. diame ter. The plnncs have been at work about 
3} years, and the duration of the ropes is found to be about three years. 

The rollers on the plane are 0$ in. in diameter, and are placed about 20 yds. apart. 

Description of .1 let).o>l of Working the /'tone . — As at Hhirooaks, the mj>ea have to bo tightened, in 
order to prevent them from slipping off the pulleys at the two ends of the planes. The tightening 
is effected by having, a few yards from tho double driving wheel, another pulley fixed on a 
nun-able tram, round which the rope is passed. A chain is attached to this tram, to which a 
weight is connected ; this weight is hung in a staple, ns shown in Fig. 3323, and kecjNi the rope 
constantly tight. 

The weights required to 
tighten tho rope for each of 
the ways are — 

cwl 

North Level .. 30 

Down Brow .. .. 30 

Duke’s Slant . . .. 40 


All the arrangement of 
driving wheels and tighten- 
ing pulleys is under the way. 

The rope comes on to tho 
wagon-way aliout 8 yds. from 
the driving wheel. 

Tho number of tuba in 
a set is twelve on the Down 
Brow and twenty on the other planes. Tho highest average speed is op the Dowu Brow way, 
where the tubs run at a speed of 11*7 miles an hour. 

A double way is lnid the whole length of each plnne. On the Duke's Slant and Down Brow 
ways an empty set is taken in and a full set brought out simultaneously, and as the gradient of 
both of these planes is considerable, the load upon the engine is lightened by this arrangement. 
The two planes referred to are sometimes worked together in this way, but they cannot bo worked 
at the some time when the engine is hauling the full coals out, without the assistance of tho 
ingoing empty tubs. This double journey on both of the planes requires the services of four gang- 
riders. There is only one regular gang-rider ; and wheu others are required, they arc taken from 
the stations at the inbye ends of the planes. 

The clamp used at thia pit for connecting the sets of tubs to tho ropo is different from that used 
at Shireoaks, in being secured by a ring passing over tho ends of the arms, instead of a lever. 

On tho Duke's .Slant and Down Brow ways the rope is connected to the set at tho fore end in 
coming out, and at tho back end in going in ; and on tho North Level, the gradient of which is 
much lighter, the set is connected ‘at the lore end in going both directions. 
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There is a short curve of 4 chains radius on the North Level way, round which the rope and 
clamp pass easily, though not at a higher speed than seven miles an hour. 

’ Kcvsham Colliery , Northumberland . — At this colliery the No. 1 endless-rope system is worked, as 
at fchireonks, by the clip-pulley. 

The chief peculiarities in the working of this engine-plane are as follow : — 

1. Only one way is used, the empty and full .tuns running on tho same road, and half of the 
rope beiug curried on sheaves by the side of the way. 

2. Instead of the clamp, used at Shireonks, the net of tubs is connected to the rope by two 
short chains, one end of the chaiu beiug secured to the tub at each end of the set, and the other 
attached to a socket in the rope. 

3. The plane is undulating, and thus presents one of the most awkward difllculties to contend 
with in the working of this system. 

The endless rope is worked by a clip-pulley, driven by one of Fowler’s engines. It is placed 
underground, and is worked generally at a speed of eighty-live strokes a minute, with a pressure 
of 80 lbs. of steam. 

Dimensions or Engine, Boileb, and Ropes. 


Engine erected 18G7. 

N umber of cylinders 2 

in. 

Diameter of cylinders 12 

ft. in. 

Clip-pulley, diameter 7 6 

Boiler . . N umber * 1 

ft in. ft in. 

Size 15 5x3 6 

cwt 


Coal conaumod a day \ Q 

(splint) ; 

jit. 

Rope Length 1672 

in. 

Circumference .. .. 2} 

years. 

General duration (esti- \ 
mated) / 


Sheaves ,, 


Rails .. 


Tubs .. 



Mdn. Tall. 


in. 

in. 

Diameter 

o 

8 


lbs. 

It*. 

Weight 

28 

31 


ych. 

yd*- 

Distance aj>art .. 

Sheaves at curves (dia-1 
meter) / 

16 

ft. 

3 

lb*. 

16 

„ (weight) 

224 

lbs. 

Weight a yard 


28 

ft. in. 

Gauge of way .. 

•• 

2 8 
lb*. 

Average weight (empty) 


672 

contained) .. / 


1120 


Dimensions ok Tubs. 


Length inside 

Wood, 
ft. in. 
. ..3 9 

Iron, 
ft. in. 

3 10 

Diameter of wheels 

Wood. 
It. in. 

1 4 

Iron, 
ft. in. 

1 4 

Breadth 

..2 9 

3 1 

Total number in pit 

83 

100 

Depth 

Height above rails .. 
Distance coupled .. 

. .. 2 0 

. ..3 6 

.. 1 9 

2 2} 
3 6 
1 10 

Number required to work 
endless- rojH! piano 
Work done, 400 tons a day of 

| 96 

12 hours. 



Description of Engine-plane . — Tho engine-plane is laid with flnt-bottomed rails, weighing 28 lba. 
a yard. There are two very slight curves on the plane, round which the main rope wprks easily 
in the centre of the way. The ropo by the side of the way is taken round these curves by 3- ft. 
sheaves. The length of the plane is 836 yds. The road first rises from the shaft at a gradient 
of 1 in 40 for a distance of 318 yds., and then falls for a distance of 379 yds., at an nverago 
gradient of 1 in 47, the average gradient of the plane being a fall towards the shaft of 1 in 805. 

The rope used is steel, lly means of a bearing-down pulley, the roj>e is made to move in nearly 
the whole circumference of the clip-pulley. The rope has been in use for eighteen months, and is 
expected to last another year. It is kept tight, as at Khireoaka, by having a hanging weight attached 
to the sheave at tho inbye end of the engine-plane. The weight used here is about 25 cwt. 

Description of the Af<ih»tl of Working the Engine-plane .— Tho full and empty tubs are run in sets 
of thirty-two tubs. Tho sets are attached to the rope by chains, 7 ft. long, as shown in Fig. 3930. 

3930. 




There are two sockets in tho rope, placed at a distance apart convenient for the attachment of a 
act of thirty-two tubs, to which these chains are connected. The chains are put on at both e nds of 
the set, the undulations of the plane rendering this necessary. The connection with the set is 
made simply by hooking on, and with the rope by a screw -shackle. 

At each end of the plane the rope passes under the wav, and in going in and out. when tho set 
comes to this point, it is disconnected from tho ropes, and the gradient of the way is so arranged 
that it nms by itself into tho siding. 
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In going from the shaft, tho set of tubs having fallen to the point at which the rope passes from 
under the way, the chain is attached to the fore end of the set ; tho eugine thou moves the act 
forward over a distance equal to tho full length of the sot, ami tho back chain is hung on. Tho 
moving of the set forward cause* the coupling chains between the tubs to become tight, and the 
daugcr of the set overrunning the chain at tho fore end of the set, when the gradient falling from 
the shaft is reached, is thus avoided. 

There are no swivels on the chains connecting the set to the rope, the tightness of the rope 
rendering them unnecessary. 

The sets are taken in uud outbye, nt an average speed of ten miles an hour. In di&oonnecting 
the set from the rope at the inbye end, tho chain at each end of the set is taken off the tubs, but is 
not disconnected from the socket on the rope; this is done before tho set reaches the siding, whilst 
it is moving slowly; when detached, it runs forward into the siding. At the shaft the leading 
chain is disconnected from the rope first, and then from the tub; this is done to allow tho shackle 
to pass over the clip-wheel, which is placed rather close to the terminus of the engine-plane. Tho 
chain at tho other end of the set is taken off the tubs only. 

Endless-rope System. — This system of conveying coals is only in ojieration in the Wigan district, 
where it has only been in use for a few years. Of the four systems reported on it is probably the 
least known. Reports are given on the following planes. Experiments were made and costs 
extracted at the Bridge and Meadow Pits only ; — 

I. — Bridge Pit— Several planes at work, with an average gradient rising towards tho shaft. 
One self-acting curve working. 

II. — Meadow Pit — Single plane rising towards the shaft. 

III. — No. 5 Moor Pit— Single plane, rising at a heavy gradient towards the shaft. 

IV. — M canes Colliery — Undulating plane, worked by an engine on the surface. 

V. — Scot Lano Pit — Single short piano, with peculiar method of connecting tho tubs to tho 
rope. 

The principle on which No. 2 endless-rope system is worked is very similar to that of the 
endless-chain system. 

The following are tho chief peculiarities in tho application of this system; — 

1. A doublo line of rails is used. 

2. The rope rests upon the tubs, which are attached to tho rope either singly or in Bets of tubs 
varying in number from two to twelve. 

3. The connection between the tube and the rope is effected by a short chain, which is secured 
to the rope in a way hereafter described. 

4. As with tho endless chain, the tub or tubs are placed at a regular distance apart, and the 
rope is driven at a slow speed. 

5. Motion is given to the ropo by large driving pulleys, and friction is obtained by taking the 
rope several times round the driving pulley. 

6. Curves can be worked by this system. 

There are no instances of branches being worked by this method of conveyance, but, as will be 
seen by the following descriptions, this could very easily he arranged for. 

Bridge Pit , near ir«/an.-- The No. 2 endless-ropi* system has been at work at this colliery about 
three years, aud is here more extensively applied than at uny of the collieries in the district. 

The engine working the planes at this pit is a double 20-in. cylinder horizontal engine, with a 
stroke of 3 ft. 6 in.; the toilers are underground, at a distance of 150 yds. from tho engine. 
Unlike the general adaptation of mpes in this district, the ropes on the planes are worked by a 
main driving roper, motion being transmitted by buving two pulleys on one shaft This was 
necessitated by the distance of the engine from the point to which the coals are led. The rope is 
driven by a main policy, 14 ft. diameter, working on the third motion. The ratio of the strokes 
of tho engine to the revolutions of the pulley is as 7 ‘4 to 1. 


Dimensions op Engine, 


Engine erected 1803. 
Number of cylinders 


Diameter of cylinders .. 
Length of stroke .. 
Diameter of piston-rod . , 
Length of connecting rod 


Dimensions of steam-ports 
, t exhaust „ 


Length of breech-pipe . 
,, main pipe 


ft. In. 

0 20 
8 6 
0 3 

10 6 
in. In. 
18* xl| 
18* x 2} 

Steam. Kxhiiurt. 


Diameter of breech-pipe 
„ main pipe 

Diameter of driving pinion . . 

„ follower 

„ fly-wheel (1) .. 

„ driving wheel . . 

Distance between centres of \ 
cyliudcrs / 


ft. 

9 
450 

in. 

5 

C 

ft. 

3 

7 

10 
14 


ft. 

9 

390 

in. 

0 

7 

In. 

10 

5 

3 

0 

10 * 


, Boilers, and Ropes. 

Boilers .. Number 2 

Description . . . . Double tubular 

ft. in. 

Length over all .. ..30 0 

Diameter 6 6 

Main. Tail. 

V ™? } Length TOT OTTO 

In. tn. 

Circumfercnco .. 3*9 3*14 

cwt*. qr*. lb*, cwt*. qrs. lb*. 

"Weight .. 48 0 32 175 2 26 

motiUi*. month*. 

General duration . . 24 14 

Sheaves . . Number (between main I 

pulley at engine and >34 35 

tightening pulleys) .. | 

in. in. 

Diameter .. .. 14 14 

*‘i£4 Weight ™ 

ft. in. 

Diameter 5 0 
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Description of Kngme-ptane.— These planes arc laid with round-topped bridge rails in 12-ft. 
length*,' weighing 18 lbs. a yard. AH the planes nro laid with a double line of way, one line for tho 
ingoing eraptv tubs, and the other for the full tubs coining out. The general size of tho wagon- 
way is 10 ft. by 4 ft., it having been originally made this size. Tho average gradient of all the 
ways together is a rise towards the shaft of 1 in t>2, the chain-brow way being a rise to the shaft 
of 1 in 54, the slant way a fall towards the shaft of 1 in 47, part of it at the inbyc end rising 
towards the shaft at a gradient of 1 in 5 ‘5. 

With the exception of the curve on the chain brow way, all the planes at this colliery are quite 
straight. 

Method of Connecting the Tvb t to the Hope by C&ctiits. — Tho chains by which the tubs are attached 
to the rope ore of |-in. iron, (i ft. long, with a hook at each end. They are connected to the tub as 
shown, Fig. 3931. The fore end of the tub is first connected to tho rope ; this is done by attaching 



one end of tho chain to tho second link of the coupling chain of the tub, and throwing the other 
end over the rope, which is constantly in motion. The chain is then {tossed twice over the rope, 
the hand being introduced under the rope to receive tho coils, in order to let the chain slide loosely 
on the moving rope till the hook is secured. When tho right number of coils of chain (two in this 
case) have been passed over the rope, the hand is withdrawn, the jtniut A is brought over tho 
hook, and the chain is pulled tight; it is not until the chain is Bocuroly fixed that the weight of 
the tub is allowed to come upon the chain. The sketch (No. 2) shows the chain just when it has 
been passed over the hook. When the full weight of the tub is upon the chain, tho coils get quite 
close together and form a very compact and secure fastening. An expert hooker-on does not 
need to put his hand lietween tho coils, but passes the chain round the rope, and secures it before 
the rope has time to move on. The chain at the back end of the tub is attached in a similar way 
to that described above, but with three coils instead of two ; this is necessary at the Bridgo Pit, 
owiug to the heavy weight of tho tub upon the chain for a short distance in going inbye. The 
tube on the other planes at this pit are attached in a similar manner. When two or more tubs aro 
put on the planes together, chains are fixed on to the fore and back ends of tho gang, or at one 
end only, as the case inay lie. The chain is disconnected from the outooming tulw, at the back 
end, by unhooking tho chain from the tub; it is then easily loosened from the rope. At tho fore 
end the chain is tight, and the foot is placed upon it, pressing it down, and making it loose enough 
to admit of disconnection. There is more labour required in the disconnecting than in the attach- 
ing at this pit. This description has reference to the taking off of the full tubs at tho end of the 
main road, and here there is a rise towards the shaft At some other places the terminus of the full 
way is made to dip slightly, and the chains are removed just when the tub, passing over the brow, 
loosens the chain at the fore end. On tho other hand, the labour required for attaching the empty 
tubs is less than at other places; here the empty way is made to rise slightly, the fore chain is put 
on first, and one boy is able to manage both. At another pit (No. 5 Moor), where the empty way, 
at the start, falls inbyc, both chains have to be put on together, thus requiring two boys. 

At the top of the main-mad way at the Bridge Pit, a boy stands about 20 yds. from the place to 
which the full tubs come, and removes the back chain, leaving it hanging on the rope by tho hook; 
it is taken off by tho man who disconnects the chain at tho fore end, and, together with the other 
chain, is thrown over by him to tho place where the empties ore hooked on. 

The usual time for attaching both chains to the empty tub is aljout twelve seconds, the minimum 
time being six seconds, nnd the time for disconnecting is rather more. Sometimes a stoppage is 
caused by the fastening of the chain being difficult to disentanglo, and tho moil disconnecting has 
then to rap to stop the engine, to prevent the tub from reaching the pulley. 

Tho chain is very seldom known to slip on the rope ; when it does, the damage done is often 
rather heavy, since, should the fore chain slip, the tub going on to the back chain is generally 
upset, or in the absence of the bock chain it may rest on the plane till the next tub comes up to it, 
the chain of which not only often knocks the tub off the way, but is sometimes broken itself, and 
as it is difficult to tell at the engine when such an occurrence takes place, there is much damage 
done before the engine is stopped. The chief accidents to tubs usually occur at the heavy gradient 
on the main way at this pit, for should a weak link in the connecting chain break whilst the tub 
is on this gradient, the tub getting loose generally breaks several other chains and tubs below it. 

The slow speed at which the tubs go — being i-35 milo an hour on the maiu road, and 1*126 
mile an hour on the other ways — is necessary to prevent accidents to the tubs. The rope rests 
“PJ® the tubs, nnd unless the way is laid perfectly straight, it is a slight distance from the centre 
°* tub; a small angle at a joint of the rails is sufficient to cause this deviation, and should the 
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rope catch any irregularity on the top of the tub, it will sometimes overturn it : to ovoid this, much 
attention is paid to keeping the tubs in good repair, und thia partly accounts for the heavy coat of 
maintaining tubs at this pit. 

In the working of the endless rope nt this colliery the npimmtua for putting the driving wheels 
in and out of gear is found to be indispensable. Thus the chain brow, the main road, and the main 
road with the slant way, can each be worked separatt ly ; the workings at the inbyo end of the main 
road servo to keep the main way supplied for a short time, whou it is necessary to put the slant 
way out of gear. 

There are two curves on the engine-plane nt this colliery, one at the bottom of the main road 
worked by disconnecting and reconnecting the tubs, and the other which self-acts on the chain-brow 
way. At the former, which turns round an angle of 72°, the motion is transmitted from one pulley 
to another on the same shaft, as shown, Fig. 3932. The road is laid round the curve at such an 
inclination that the full ami empty tubs when disconnected run by themselves to the place where 
they are again attached to the rope. There are five hands required here, four boys and one man. 

Thia curve might probably be mode to self-act, like the curve at the chain-brow way, by means 
of four or more pulleys, but when it was originally arranged, it was intended to draw a large quan- 
tity of coals from other districts besides the slant way. 


3933. 3934. 



The curve on the chain-brow way is, as before described, of about 5 yds. radius, and at an angle 
of 118°, Fig. 3933. The ropes are taken round by two 4 ft. 6 in. pulieys, each inclining slightly 
towards the coming-on side. The way for the full tubs is laid nearly level, and for the empty a 
slight rise from the shaft ; this arrangement, after many experiments, having been found to act 
most efficiently. The pulley wheels are made with a large flange on the lower side, Fig. 3934, to 
prevent tin* rope slipping off, and to eualdo the knot of the chain connecting the tub to the rope 
to pass easily into the trod of the wheels. The use of four pulleys instead of two at a curve of this 
description would enlarge the radius of the curve, and cause a smaller part of the surface of each 
wheel to be touched by the rope. Slow speed appears very necessary for working a curve by this 
system, for the ji-rk, which occurs when the tun, in passing round a curve, starts away after 
heiug stationary for a moment, would probably not fail to cause an accident if taken round at a 
much higher speed. A boy, placed near this curve for the purpose of taking off the chains at 
the fore end of the ingoing tubs, also attends to the Curvo when necessary. 

Near the inbye end of the slant way there is a flat at which the tubs are taken off ami put on, 
whilst the tubs (Mossing to and from the termiuus are in motion. The place is laid with flat sheets 
for a few yards, nearly on a level with the rails. The empty tubs are disconnected, and brought 
under the rope between two outcoming sets of full tuba. Points are laid on to the full way, and a 
full set or gang of two or more full tubs is put on, w hen tho slackness of the rope indicates a lung 
distance between two full sets. 

Apparatus fur Tightening Rope a. — The tightening pulleys, as used in this Hystem of conveying 
small sets of one or more tubs by the endless rope, are fixed, ami not similar to those used for tho 
No. 1 endless rope at Shireoaka and other places, where the varying strain upon the rope, owing to 



the set of tubs being at different parts of the plane, makes it desirable to have the tightening 
apj aratu* movable. 
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Tho pulley is fixed on a strong timber frame, to which a screw is attached. The screw is 
secured by n chain to a balk placed upright, sec Fig. 3935. It is doubtful what strain is the effect 
of these tightening screws, but tho engineer gives tho following ns what he estimates to bo about 
tho strain exerted. 

Experiments with Dynamometer.— \n making these experiment# tho dynamometer was attached 
by fixing clams to the rope about 4 yds. apart, and connecting tho dynamometer by means of 
chains. Fig. 3936, to these clams ; a screw was then applied to tighten tho chain till tho weight 
of the load upon tho piano was wholly on the dynamometer. 


3936. 



The experiments were mado upon the main road, the slant wny and chain-brow way being put 
out of gear. As it was not considered safe to take tho instrument upon the heavy gradient, it was 
tried only upon the level part of the main road, and was first taken 297 yds. inbye on the empty 
side, and then back on the full side. 

Tho engino was kept at the uniform speed of thirty strokes a minute, being tho speed at which 
the exi>oriments with tho indicator wore made. It was found very difficult to get the same number 
of tubs upon the plane as when experiments were mado with the indicator. In going inbye thero 
were forty-eight full and forty-four empty tubB upon the level part of tho main rood, and sixteen 
full and -fourteen empty tubs upon tho gradient of 1 in 5 '5. In coming towards tho shaft there 
were forty-eight full and fifty-eight empty tubs upon the level part, and twenty full and Bixtoen 
empty tubs upon tho heavy gradient. 

The readings of the dynamometer at each point, given below, are the average# of tho maximum 
and maximum readings, the pointer often oscillating to the extent of 10 cwt. 


Abstbact of Expebimexts with Dyxamometeb. 


Going Inbjrc. 

Coming Out bye. 

Series. 

Time. 

Reading of 
Dynamo- 
meter. 

Speed, 
lilies an 
boar. 

Series. 

Time. 

Reading of 
Dynamo- 
meter. 

Speed. 
Milr* an 
boar. 






b. m. 

c*t 




9 

1*35 

A 

12 0 

46 

1*35 





B 

11 59 

44} 

1*85 

0 


9 

1-35 

0 

11 58 

43 

135 





D 

11 55* 

40} 

1-35 

E 


9 

1-35 

E 

11 59 

38} 

1*35 





F 

11 .50 

34} 

1*35 



9 

1-35 

G 1 

11 47} 





No. 5 Moor Pit, ne<i r 
Wij/ou. — Tho coals are 
led at this pit under very 
similar conditions to tho 
Meadow Pit. There is 
only one plane, which 
is in a direct lino from 
the engine, tho gradient 
being almost a regular 
rise towards tho shaft. 
The longth of the plane 
is 980 yds., and the 
average gradient 1 in 
13. The plane is worked 
by a double horizontal 
engino, having 12-in. 
cylinders and 2-fit. 
stroke. Tho driving 
wheel is 6 ft. in dia- 
meter, and is on the 
third motion. The ratio 
of tho strokes of tho 
engine to the revolu* 


it 




<3 


ewe tv 


u-u 0 tot? 

'' eupine goc a bout seventy -four stroke, a minute, the speed of the tubs upon the plane is 
about 1 -7 mils an hoar. 
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In the working of this engine rood, tho arrangement moat worthy of note is that the braking of 
the engine is attended to by one of tho liookflIMD, by menu* of an iron rod, which extend* from tho 
engine to the terrainns of tho plane. Tho engine stands about 50 yds. from tho plane, and ia 
stopped in a moment when required. ■ 

There ia a alight rue inbye about half-way along the engine-plane, and this necessitates the use 
of two chains for attaching each set of empty tubs; but as at the Meadow Pit, the heavier load of 
the full tub kee|k!i the for© chain constantly tight, so that only one chain is needed in coming 
outbye. The clutins at the fore ends of tho empty tuba are taken off when the rise referred to 
commences, and are placed upon tho out-going full tubs. Fig. 3937. The full tubs are put on two 
at a time, and empty tubs in sets varying from one to live tubs. 

-Scot Lane Fit, near IVtyin. — At thin pit an incline, 438 yda in length, rising towards tho shaft 
at an average gradient of 1 in 9, is worked by the endless rape. 

The method of connecting the tubs to the rope at this pit is different to that in operation at tho 
Bridge and other pits. Instead of the connecting chains being passed round the rape and thus 
secured, strong loops of hemp are fastened on to the rope by a wrapping of string, at regular 
distances apart. One hook of the chain is first attached to tho tub, and the hook at the other end 
is then passed through the loop, ns shown in Fig. 3938. 


3933. 



The tubs aro sent along the plane ono at a time, and as the gradient of tho plane is very 
regular, only ono chain is necessary for each tub. The heavy inclination causes the tubs to keep a 
constant weight npou the chain ; on a light gradient the hook would probably bo very liable to slip 
out of the loop. These loops are made of hemp, 1 in. in dinmeter, and last about four months ; 
they are strong enough to draw twelve tubs at a time up the plane. They are fixed on to the rope, 
17 yds. apart, thus making a regular supply of full and empty tubs necessary. Much leas labour is 
required on connecting the tubs to the rope by this arrangement, but it would scarcely be so 
applicable on an irregular plane, where two loops would have to be provided for each tub or set of 
tuba. Although the rope passes 1$ times round the driving wheel, the loops aro formed to pass 
round without causing on inconvenience. 

South Wales Endless-chain System, Brynddu Colliery , Glamorganshire . — Since tho first part of this 
Report was printed the above colliery has been visited, and as the mode of conveying coals is unlike 
any before described, and as it is peculiarly adapted to the circumstances under which it is applied, 
it is thought desirable to give a short description of this method of working tho endless chain. 


Dimensions of Engine, Boilers, and RorEs. 


Engine erected 1858. 

Number of cylinders 1 

ft. In. 

Diameter of cylinders 2 1 

Length of stroke 4 5 

Diameter of driving wheel .. 10 3 

tons. 

Consumption of cool a day.. .. 4 

Boilcn .. Number .. .. {? 

Description .. .. Cylindrical 

ft in. 

Length over all .. 30 0 

Diameter 6 0 

in. 

Chain .. Diameter of iron .. 1 J ' 


Chain . 

Length of link .. .. 

In. 

7 

cwt. 


W eight 

440 

month*. 


General duration .. 

16 

It*. 

Bails , 

Weight a yard .. .% 

25 


Length of each 

9 0 


No, of lines .. 

4 


Gauge of ways 

2 C 

cwt. 

Tnb, . 

Average weight (empty) 

10 


„ „ of coall 

contain»Ml .. 

15 

Work Done. 500 tons a day of 10 hours. 


Description of Engine-plane . — Tho plane on which the chain is used is 600 yds. in length, and 
descends at tho heavy gradient of 18 in. a yard from the abaft. Tho engine for hauling the coals 
up this incline is placed on the top of tho plane, and works tho chain by a horizontal driving 
wheel, Tho ordinary speed of the engine is about forty strokes a minute. Tho chain used is 
made of 1 J-in. iron, and has links 7 in. in length. The engine is horizontal. The arrangement of 
gearing for giving motion to the driving wheel will be seen in Fig. 3939. 

The chain runs on rollers, which are placed 75 ft. apart. The connection between the chain 
and the tubs is made by a short chain 2 fL 6 in. in length, made of $-in. iron, with an ordinary 
hook on each end. A tub attached in this manner to the chain is shown in the sketch, Fig. 3939. 
Only one tub is put on at a time, the distance between each tub being about 50 yds. 

There are eight stations on the plane, at each of which the empty tube have to be delivered, 
and full tubs brought away. This is done by a simple arrangement. Two long balanced arms, 
which arc usually parallel with the roof of the wagon-way, are drawn down to tho level of the 
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way when thi’ tubs have to l«e put off or taken on at any station. The arms when brought down 
are level, and are no regulated by the counterbalance, and the weight hanging over the pulley. 


3939. 






m to be very easily moved. There are two arras at each station for both empty and full ways, 
and these are supported by a beam across the wagon-way. Between each two arras an iron plato 
is laid, on to which the tub runs when disconnected from the chain ; the tub is then turned on 
the plate, and taken into the station. The chain travels at the rate of two miles an hour, and 
at this speed the tulis can lie easily connected and disconnected at the stations, without stopping 
the engine. 

In attaching an empty tub at the top of an incline, the tub is brought close to the commence- 
ment of the incline, and the short chain is connected to the tub in the first place, and then to the 
chain, and immediately after the last connection the tub is pushed forward on to the incline ; when 
the full tub comes to the top of the incline, the chains are disconnected just at the time when tho 
tub coming on the lovcl takes the weight off the short chain. 

Considering the very exceptional character of the conditions under which this system is worked, 
and its singular adaptability both to the heavy gradient and to the leading of coals from numerous 
stations, it is probably the most economical arrangement which could l>e here adopted. 

Extracts from the .Summary of the Report of William Cochrane, George B. Forster, John Daglish, 
Lindsay Wood, R. F. Matthews, Acting Members of the Tail-rope Committee; Emerson Bain- 
bridge, Engineer to Committee. — It would lie difficult for the committee who present the foregoing 
Report on Underground Haulage to recommend for general use any one of the systems reported on, 
since each is peculiarly, and advantageously, applicable to one condition or more of wagon-way; it 
was therefore thought desirable to take a general view of each of the systems, and endeavour, by 
considering their respective advantages, to give some idea of their comparative worth under tho 
various conditions in which they exist. 

Tail-rope System. — This system of conveying coal underground is most largely developed in tho 
counties of Northumberland and Durham, where, after many years trial, it has now attained a 
high degree of perfection. ^ . 

One of the leading features of the tail-rope system is, that it can be applied under almost any 
condition of wagon-way, the crookedness of the way, irregularity of gradient, aud numerous 
stations and branches, forming no olwtacle to its effective working. 

On a single road tho tail rope is generally applied; — 

1. When the gradient of wagon-way dipping inbye is not sufficient to cause the empty tubs to 
draw a single rope after them. 

2. When the gradient dipping outbye is insufficient to make the tubs self-act. 

3. When, os ut North Hetton, the full tubs coming outbye will not pull the single tail rope 
after them. 

This single tail rope (that iB, a toil rope working without a main rope) is in operation in the 
main coal scam at North Hetton Collierv, where the engine-plane rises from the shall, and the rope 
passing round a sheave at the inbye end of tho plane, draws the empty tubs up the bank, the full 
tubs being braked down. This arrangement is usually adopted when the tubs will not self-act, 
and where it is desirable to have the engine near the shnft. 

The tail rep« is usually applied on branches to supersede horses. 

The following are the conditions of the five tail-rope idnnes reported on ; — 

North Hetton — Two main roads, with branches worked both to the rise and to the dip, and 
with curves on the main read and on the branches. 

Bonham — Engine-plane, with slight curves, rising towards the shaft. 

Beaton Delaval — Engine-plane, with slight curves, level. 

Horraton— Engine plane, with shnrp curve, falling towards shaft ; one branch worked. 

Murton— Engine-plane, with curves, rising towards the shaft. 
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Methods of Applying the Tail-rope System . — The arrangement of engine and appliances for work- 
ing the tail-rope system usually consist# of an engine with two drums, worked on the second 
motion — the drums being cither on different shafts, and put in and out of gear by shifting 
carriages, or on the same shaft, clutch-gear being then used for connecting them with the engine. 
Ono drum is used for the main rope, and the other for the tail ropo. At the inbye end of the 
main road, and of each of the branches from the main road, there is a sheave round which a tail 
ro|X) passes, both ends of which, when used on the branches, are brought to a station on the main 
line; when only one way is worked, one end of the tail rope is brought up to the station, whilst 
the other is attached to the tail drum. In taking a set of tubs, which usually numbers from thirty 
to sixty, inbye, the tail-rope drum is connected to the engine, and in coming outbyo, the maiu-ropo 
drum ; in going both inbye and outbyo, the brake is gently applied to the loose drum to preveut the 
dragged ropo from becoming too slack. 

When two wagon-ways are worked in opposite directions from the engine, four drums are gene- 
rally used, there being tndb a main and tail rope for each way. 

Curves can be worked by the tail-rope system at any nngle and at a comparatively small 
radius. The curves at North Hetton, of 22 yds. radius, have perhaps the minimum radius at 
which curves can be made to work safely. The fact that the sets pass round these curves at tho 
rate of ten miles an hour, and that an accident very rarely happens, is sufficient proof of their 
efficient working. The sheaves (3 ft. diameter) usea at tho Harraton curves are doubtless tho 
means of economizing the power, and effecting a considerable saving in the wear and tear of 
tho rope. 

In working branches by this system there are three methods of attaching tho branch-rope end# 
to the main rope; these will be seen by tho sketches. Figs. 3940 to 3942; in Figs. 3940, 3941, tho 
ropes are changed when the set of tubs is near to tho brauch end, but Fig. 3942 shows the set at 
the shaft. 

3940. 3911. 3942. 



In Fig. 3940 a wheel is fixed near the roof or under the rails, round which one end of tho 
branch rope passes. When tho incoming set has to go into tho branch, the rope end C replaces D 
on the fore end of tho set, and the end E replaces F on tho tail rope. 

In Fig. 3941 the tail rope always remains entire; the end A replaces B, and the end B of tho 
ropo is brought a little farther by the engine, and is then attached to N. This method of attaching 
the ropes, which is in operation at Murton East Pit, can be worked without a winch, which" is 
generally necessary in Fig. 3940. 

In changing the ropes by method. Fig. 3942, a very different course is pursued. When a set 
is taken outbye from any station to the shaft, the boy at ono of the branch ends changes tho ropes, 
whilst the ropes at tho shaft aro being attached to the empty set. Tho position of the roj>es is so 
arranged, that when the set reaches the shaft, the shackles on the main and tail ropes are just 
opjxwUe each other at each branch end, as Bhowu on sketch, when tho rope ends X X aro replaced 

This plan is much more expeditious than either of the others, since in Fig. 3942 no time is lost 
in changing tho ropes, as they are generally ready at the branch end before the set is ready at the 
shaft; but in the other methods, another stoppage, in addition to tho time required to cha’ngo the 
ropes at the shaft, is neceaaury. 

At Harraton, tho method. Fig. 3940, of changing the ropes is preferred; there is only ono 
branch at this colliery, and they bring out such a large quantity of coal from tho two wavs, that 
till the empty set has had time to get to tho switches, it is difficult to tell which of the ways is 
ready for it. It would thus appear thnt when few branches are worked, and a large quantity of 
coal is brought out. No. 1 or No. 2 method of changing the ropes is preferable to No. 3. 

6 D 
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The labour at a branch end can be managed by one boy ; when Nos. 1 ami 2 methods are 
adopted, a run-rhlcr is of some aerrice, as two connections have to be made, ami at points often some 
distance ajMirt ; with No. 3 method a run-rider is not so necessary, but is generally employed. 
When two branches are worked opposite to each other the samo amount of labour is sufficient. 
Run-rider is the name given in the North of England to a man or boy who rides on the last tub of 
the set. for the purpose of signalling to the enginemnn in case of an accident ; he also assists in 
connecting the ropes to the set. 

Three methods of taking the ropes round curves will be seen on the sketches. Figs. 3943, 3944. 
In No. 1 the curve 1ms a largo radius, and the tail rope is taken round a single sheave, and along 
a narrow place, a pillar of coal 

supporting the roof between it . 

and tho curve. The curve in 
No. 2 is of less radius, and no 
pillar is left. In No. 3, which 
is generally adopted on very 
short curves, instead of taking 
the tail rone round a single 
sheave, both ropes are taken 
round the curve by a number 
of sheaves. 

The tail rope is often ap- 
plied to work a plane with no 
branches, but with one or more 
stations on each sido of the 
main way, in which case only 
one set of ropes is used. Murton 
and Sea ham planes present ex- 
amples of this arrangement. 

Tlicso stations are usually 
worked by ono of the two 
methods shown, Figs. 3943, 

3944. 

In No. 1, which represents 
tho arrangement of the North 
Hetton stations, tho ropes are 
knocked ofF the empty set in 
going in at the points A A, 
opposite to which the full set 
stands ready to go out. A 
gentlo fall in tho way causes 
tho empty tubs to run for- 
ward, and they arc turned by 
the switch 8 into the siding 
BB. 

In No. 2, which shows the Seoham Colliery arrangement, tho middle way is the main read : 
the empty tubs, having been brought into the siding XX, are then brought round the curve A, 
which consists of two movable rails. When the full set comes out these rails are removed. With 
this arrangement the drivers have to cross the main read every time they take the empty tubs 
inbye; this is avoided with the stations worked as at North Hetton. 

The engino and boilers requisite for working the tail-rope system ore usually arranged in one 
of tho three following ways; — 

1. The engine and boilers both on the surface, the rope being taken down tho pit in wooden 
boxes. 

2. The boilers on the surface, and the steam-pipes taken down tho shaft to tho engine under- 
ground. 

3. Tho engino and boilers both underground. 

Endless-chain St/stem. — Tho experiments on the endless-chain planes, which follow next in order 
to those on the tail-rope planes, were all made at the collieries at Burnley, under the management 
of Mr. W. Waddington. 

Although tho endless-chain system of lending coals has lieen in operation at Burnley, and other 

C of Lancashire, for a great number of years, it has until lately been very little known in the 
h of England. 

Liko the tail-rope, tho endless-chain system is adaptable to every condition of wagon-way, but 
differs from the former system in tho following important items; — 

1. Ab a general principle, it may bo stated that when tho two ends of an undulating plane arc 
at the same level, the power required to work such a plane will be very little more than if the plane 
were perfectly level. 

2. A heavy gradient cam lx* worked safely and efficiently. 

3. Rince the chain will only work safely in a straight lino, or, at the most, round a slight carve, 
every sharp curve upon the planes necessitates tho erection of two pulleyB, in order to direct tho 
chain to another course, and requires tho attention of a man or boy. 

Tho system is very extensively in operation on the surface at Burnley, and the slow speed at 
which the tubs are conveyed not requiring a very carefully-laid wagon-way, they generally lay the 
way upon the uncut nod, only making embankments or erecting gearing when a stream or deep 
defile has to Ik? passed over. The surface of tho oountry is very hilly in this district, and it is 
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therefore more economical to carry the coal* from the pits to the canals and railway* in tubs by 
the endless chain, than by wagons on ordinary railways. 

The endless-chain planes reported on are as follows;— 

ffapton Valley . — Underground chain rood. I Rowley. — l T ndergronnd chain road. 

„ „ Surface chain rood. „ Surface chain road. 

G armor, top bed. — Underground chain road. Clifton /fall . — Surface chain road. 

„ low bed. — „ „ 


Methods of Applying the EndltM-cham System . — The engines working the endless chain at Burnley 
are nearly all of one class, namely, double 12$-in. cylinder vertical overthrow engines. Motion is 
transmitted to the wheel driving tho endless chain by means of toothed gearing; the engine 
usually goes at a speed of about eighty strokes a minute, and works tho driving wheel on the third 
motion. 

The engine-plnno consists of two lines of rails, one for the full, and the other for the empty 
tubs, the tubs moving in opposite directions. The lines arc gencrallv laid just near enough 
together to allow a few inches play between tho tubs on the empty and full ways. 

In working a straight main way (that is, with no branches), such ns the llowlcy and Hnpton 
Valley surface planes, by tho endless chain, the driving power is generally placid at the higher 
end of tho ginney rood. The only wheels requisite for working the chain are the driving wheel at 
one end, and a tail or return sheave at the other end of the plane; between these two points tho 
chain rests upon the full and empty tubs, the distance of which apart, and the speed at which 
they are moved, vary according to tho quantity of coni passing along the plane, the distance 
between the tubs being from 10 to 30 yds., and tho speed from one to three miles an hour. 

The wheels round which the chain {Kisses at the two ends of a ginney road are usually 3 ft. in 
diameter. The driving wheel, os used at Burnley, generally consists of aii ordinary sheave, round 
which a niece of boiler-plate, about 10 in. wide, is fixed, and to this are attached about twelve steel 
or j^on feet, on which the chain rests; these feet are renewed, as required, and thus the chain 
never touches the plate. The method invariably adopted at Burnley, in order to get friction 
sufficient on the chain to prevent it slipping round the driving wheel, is by passing it 2$ times 
rouiid the wheel ; at Towneley Colliery it is passed 4$ times round. At the Baxendcn Collieries, 
near Ncwchurch, ordinary sheaves, with forks about 12 in. apart fixed in the trod, are used as 
driving wheels, the chnin only passing half a turn round, and the horizontal link of the chain 
fitting into the fork. Those wheels, which are much preferred at Newchurch, were formerly used 
at Burnley, hut are now altogether abandoned in favour of the bevel-faced wheels. The return 
wheels, at the other end of the ginney rood, arc just common 3-ft. sheaves, ronnd which the chnin 
passes half a turn. 

When there is a curve in a single chain rood, either the same chain is taken round tho curvo by 
two wheels on different shafts, arranged like the self-acting curves on the surface, nr there are two 
pulleys on the same shaft on which are different endless chains. If there be no brnuch way from 
the curve, the former method is usunlly adopted, and tho road is so formed that the tubs will leave 
one chain, pass round the curve, and connect themselves to the other chain, without any assistance; 
but as this cannot be depended upon, attention is always necessary at a curve. At the Burnley 
Collieries there is generally a branch end at every curve. 

There are only two self-acting curves in the Burnley district, both of which are on the surface. 
These curves generally work very well, and without tho occurrence of any accident ; but as a badly- 
greased tub, or a tub getting off the way, cause* some damage, if not looked to, they are always 
kept in sight, that at Padiham being within a few yards of a man constantly working at the same 
place, and that at Towneley within view of the terminus of the giunev road. With very carefully- 
laid rails, and due attention to the exact point at which the rise or faQ of the way should be, curves 
might be worked at almost any angle, aud with very little attention. 

As far as hitherto proved, it may be laid down os a rule iu the working of the endless-chain 
system, that all curves underground require labour, and thus it is generally desirable either to 
have a branch or branches from the curve, or to pass tho tubs round by tho self-acting method 
described, which could be managed by a boy at 1*. a day. It has yet to bo shown to what extent 
curves can bo worked by this system without pulleys. At the Baxcnden Collieries, in l4incaskire, 
a curve of about 15 chains radius has lately been commenced on the surface, and is found to work 
very satisfactorily. 

In working branches the chain passes ronnd a wheel at tho branch end, which transmits motion 
to another pulley or pulleys, either on the same shaft, or on another shaft a short distance off; 
when the pulleys are on another shaft, motion is given cither by mitre-gearing and shafting, or by 
a short endless chain ; at Towneley motion is transmitted by continuing tho same chain past a 
branch end, and taking it over a pulley whicli works the branch by means of vertical gearing. 
The pulleys on the main road for working the branches are generally so arranged, that they can 
be put out of gear, in ease of any accident or slackness of work, whilst tho other chains continue iu 
motion. 

Though it would appear rather difficult to work a branch on each side of the main way to tho 
s&mo point, since the full tubs from one of tho branches cross over the course of the empty tubs on 
the main way, and the empty tubs from tho other branch cross the course of the full tubs, tho slow 
speed at which tho tubs travel prevents this from causing any inconvenience. 

Another mode of working branches is that carried out at Muaden Colliery, near Burnley, 
where two branches aro worked by one chnin passing round a single pulley. This is the only one 
of all tho methods of working branches, in which ono branch cannot be put out of gear without 
stopping another. 

In each of the arrangements mentioned for working branches, it is necessary that the tub should 
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leave the chain at the station — becoming attached to it again immediate! yboyond the pulley ; and 
the attending to the re-attaching of the tuba at the branch ends in thia way, iB one of the chief 
items of labour in the eo«t of hading coals by the endless chain. 'Die mode of working branches 
usually adopted at Burnley, is to have shafting and mitre-gearing under the flut sheets, sometimes, 
as at Haptnn Valley, working two branches from the same mitre-wheel. 

In working branches by the endless chain no regular curves are necessary, since at the branch 
ends the termini of ginney roads are usually laid with flat sheets upon which the tubs arc turned ; 
the small tube used at Burnley can be turned so quickly, that there is often not more than 10 ft. 
from the end of one ginney road, to that of another at right angles. 

At Gatmow and Rowley Collieries the underground endless chain is worked by an engine on the 
surface, the chain at the latter colliery being attached to the winding engine. The way in which 
the chain is conveyed down the shaft is very simple, and is shown in the section of the Rowley and 
Gannow underground planes, Fig. 3945. Whilst a $-in. chain iB used in the workings, a a-in. 

3946. 
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chain is used in the shaft, the latter being usually kept tight by passing the chain, at the bottom 
of the pit, round a sliding pulley, to which a suspended weight is attached. A sufficient proof of 
the efficient working of the chain in the abaft, and of the very small amount of power requisite to 
take it down the pit, is given by the results of the Rowlev experiments, which show that only 
O' 54 horse-power is required to take the chain 150 yds. down the shaft, and 27 yds. from the 
bottom of the shaft to the main driving wheel. 

As compared with the tail rope, the maximum advantage of the endless chain, as far as the 
power requisite to drive the system is concerned, is probably realized on an undulating plane, the 
ends of which are nt the same level. A very good instance of the counterbalancing effect of an 
undulating road is shown on the Rowlev plane, which is 1980 yds. long, the highest point on the 
plane being 145 ft. above the lowest, and the average gradient 1 in 68, fall for full tubs; here only 
5*16 horse-power is required to work nil the tubs, and chain suspended on the tubs. Another 
instance is at Rowley Colliery, where the average gradient of the planes is sufficient to cause? all 
the tubs to self-act. The planes nt this colliery, however, are kept connected to the engine for 
reasons explained in the report on the Rowley plane. 

The chief f«>aturc of the self-acting planes, as worked by tho endless chain, is that a regular 
gradient is unnecessary, a heavy dip at one part of the plane luring sufficient to cause the tubs to 
self-act. Thus a plane may have a rise for some distance for the full cools, and yet, since there is 
continually a load upon tho heavy part of tho plane in favour of tho full tu!>s, self-act. Thus 
planes can self-net by tho endless chain which could not possibly do so with a rope. 

At Burnley, tho force of gravity on self-acting planes is sometimes mode to work a level plane 
at the top of tho self-acting plane. 

Stations are worked by the side of the main chain roods, simply by having small pulleys fixed 
to the roof, Figs, 3946, 3947, opposite to the station, on which the chain is placed wnen tubs are 
required. There are generally iron flat sheets at the stations over which tho tubs are brought from 
the opposite side of tho way. A tub, after hnving been passed over the flat sheets, is allowed to 
be altogether moving on the rails again before it is touched by the chain, in order that the chain 
may be Bure to reach it in the centre. 

The method of leading coals by tho endless chain as adopted at Clifton Hall Colliery, which 
consists in moving tho tubs by the weight of the chain alone, there being no forks on the tube, can 


Digitized by Google 



HAULAGE. 


1877 


*? 


only be recommended when the plAno to bo worked is level or nearly level, and where the system 
is not extensively applied. 


3946. 



3947. 



F.iull sa-rojH- System . — This system of conveying coal is closely allied to the tail rope, but has 
hitherto been adopted in the working of underground planes, only to a limited extent. 

The following planes, the conditions of which are given on page 1862, arc reported on, and 
present four distinct methods of applying the svsb-in ; — 

I. — Shireoaka Colliery — Engine-plane, with dnublo way, worked by rope at quick Bpeed, tho 
tubs being attuched to the rope in sets, by a clamp. 

II. — California Pit. 

III. — Newsham Colliery — Engine-plane, with single way, worked by rope at quick speed, the 
tubs being attached to tho rope in sets, by short chains secured to sockets in the rope. 

IV. — Eston Mine* — Three sidings, worked by tho socket connection at slow speed. 

V. — Cindcrhill Colliery — Engine-plane, with double way, and sets of full and empty tuba 
running at tho some time at slow speed, the sets lxiug connected to tho rope by clamps. 

Experiments were mode only at Shireoaka Colliery. 

Methods of Applying the No. 1 Kndless-rvpe System . — In the application of this system as adopted 
at Shirt-oaks and tho California Pit, a double way is used, ami the rope moves on rollers in tho 
middle of the way, the set of tubs being taken in on one way and brought out on the other. 

Jlotion is given to the rope either by a clip-pulley, or by several wheels, round which the rope 
is taken to obtain sufficient friction. The rope is kept constantly tight by having the return 
sheave fixed on a movable tram, to which a weight, hanging in a staple, is attached. 

The set of tubs is connected to the rope by a clamp, which is held by a boy sitting in tho 
foremost tub. Different descriptions of clamps arc used ; the clamp in use at Shi relinks differs in 
construction from that used on the California and Cinderhill planes. As these planes rise iu one 
direction, only one clamp is employed ; but were tho planes undulating, two (one for each end of 
the sot) would bo required, ami as this would make two men or boys necessary for each set, tho uso 
of tho clamp, under these circumstances, would not be advisable. 

The number of tubs in a set varies from twelve, on one of the California ways, to thirty-one at 
Shireoaka, and the speed at which the sets travel is about the same as with the tail-rone system. 

The clamp is usually attached at tho front end of tho set, but on ono of tho California planes 
the gradient is heavy enough to allow the clamp to be applied to the lost tub of the set, in going 
in ; when, as occasionally occurs, the full and empty sets are run together on the plane, this assists 
the engine. 

In the application of this system at Newslmm and Eston, motion is given to the rope, which is 
also kept tight by a hanging weight, by the clip-pulley, as at Shi reoaks, and the set of tubs is 
connected to the rope by means of one or two short chains, which are secured by means of a hook 
or screw-shackle to a socket in the rope. At Newaham, owing to the undulations of the plane, two 
chains attached by tho acrew-shacklo arc required, whilst at listen, where the roads are short and 
level, the set is attached to the rope by a single chain, which is simply hooked on. The Eston 
arrangement is adaptable when there are numerous short sidings, and could probably be economi- 
cally applied in the place of horses at oollieries where there is a good deal of branch work. The 
plan at Newslmm of having a singlo way, as with the tail-rope system, and of running ono part of 
tho rope on sheaves by the side of the way, is probably tho best arrangement of tho system, and 
that which, for tho following reasons, may be expected under some circumstances to supersede the 
tail rope. 

1. A driving wheel is used instead of two drums. 

2. One-third less rope is reouirod. 

8. The power expended with the tail rnpo in overcoming the friction of tho brake on the loose 
drum is utilized by the employment of a singlo wheel. 

It has yet to be shown how far this system is applicable where curves, and tho working of 
branches, have to bo contended with. With tho clamp eonnoction a slight curve is worked on ono 
of tho California planes without any difficulty. No instances are known of curves occurring on 
wagon-ways where tho socket connection is adopted, but in all probability they could be managed 
without much difficulty, tho tightening of the rope being tho only obstacle to their efficient 
working. 

The slow motion of the rope, as worked at Cinderhill, would allow it to jxias round cum* of 
almost any radius. The system adopted at Cinderhill, which consists in having a double way, and 
in running the sets of fall and empty tubs at the same time at a speed of 2} miles an hour, cannot 
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bo recommended owing to the heavy cost of Intxuir, each set being connected by a separate clamp 
which in attended to by a man or boy. Friction for driving the rope is obtained at this colliery by 
taking it round five wheels, and the rope is made tight by having two of the wheels placed on a 
movable carriage ; with an undulating plane where tho load varies, this method of tightening tbo 
rope would not answer. 

The chief defect of this endless-rope system, as far ns hitherto developed, is its inapplicability 
to the working of branches from tho main way, tho tightness of the rope precluding the possibility 
of offtake links being used, ns with the tail rope. A series of clip or friction pulleys, with discon- 
necting gear, might j^rhaps answer the purpose, but in this case, as the tubs could not go round 
the right angle without being uncoupled, tho set of tubs would have to be disconnected from the 
rope, and sent by its own impetus round a curve into tho branch way, where it would be attached 
to the branch rope. Of course this would only bo possible under exceptional conditions of wagon- 
way, and as considerable labour would be required wero tho socket connection adopted, the clamp 
would lx> tho most economical mode of attachment. 

Stations by tho side of the main 

way might bo worked bv tho system 3*48. 

without much difficulty, but would re- 
quire rather more labour than by the 
toil-rope system. At Shireooks the 
rope at tho station passes under the 
way, and when tho mgoing set is in- 
tended for the station, the clamp is 
removed some distance from the 
points, and the set runs into tho 
siding by itself. With this arrange- 
ment the set could not go any farther 
inbye, if attached to the rope, but, as 
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explained in tho Shireoaks report, tho set when going in is disconnected from the ropo bcforo 
reaching the station, and the inclination of the way in sufficient to take it to the end of tue plane. 
It will thus be seen that on the Shireoaks plane, stations Could not be worked under other conditions 
than those described. They might, however, be arranged like the tail-rope stations. Fig. 3043, and 
by having the points leading from the nmin way to the siding movable, as shown. Fig. 3048, tho 
difficulty of the rope being endless would be obviated. Here the mil A It moves on a pivot at A, 
Fig. 3048 ; if the set hod to go into the station, this mil would be placed ns shown, the min) 
passing under the rail ; if it were Intended for the main road, the rail would be put into tlxo 
|>ositinn A It. More labour would be necessary in lending coals from stations in this way than 
is requisite with the tail-ro]>c system, which is very well adapted for the purjjnse. 

As this system is ca|wble of conveying a large quantity of coals on a single way, tho double 
way as adopted at Shirooaks may bo considered quite unnecessary, and ran only be recommended 
where sockets are used and run-riders dispensed with, and where the inclination of the engine- 
plane is such that one set of tubs will give assistance to another throughout the greater part of 
the plane. 

Fig. 3949 is of an effective arrangement of driving wheel at Hapton Valley Colliery. Fig. 3950 
is of the vertical double engine at Hapton Valley and Kowlcy Collieries. Pee Agricultural 
Implements, p. 29. Drake. Coal-cutting Machine. Coal Mini.no. Coal Washing. Drainage. 
Dynamometer. 

HAUNCH. Fil, JCsaeUe ; Ger., GetcOPteschenkel ; Ital., Coacia della colt a ; Span., Riilon de una 
hdveda. 

That part of an arch between the key-stone and the springing is sometimes termed the haunch 
of an arch ; the two parts between the crown and tho springing are hence called the haunches of 
tho arch, See Arch. 

HAWSER. Fb., Ausridre, Gredin; Ger., 7Vow, Schlcpptau ; Ital., G her lino ; Span., Guindnleta. 

A hawser, or holscr, is a small cable; or a large rope, in size between a cable and a tow-line. 
The sizes and lengths of hawsers and warps, according to Lloyd’s Rules, are given in the following 
tabulated form. 


Ship’s 

Tonup. 



Hawsers and Warps. 


Ship's 

Tonnage. 



Hawsers and Wans. 


Stream. 1 

Warp. 

Length. 


Stream. 

Hawser. 

Wup. 

Length. 

Chain. 

Hope, j 

Chain. 

Rope. 

tons. 

Ins. ISths. 

Inches. ! inclws. 

inches. 

fathoms. 

um a 

ins. Mths. 

inches. 

Inchon. 

inches. 

fathoms. 

50 

0 

7 

5 3 


90 

ooo 

0 

13 

95 

7 

4 

90 

75 

0 

7 

5 j 3 


IK) 

700 

0 

14 

10 

8 

5 

90 

100 

0 

8 

5-5 | 3 


90 

800 

0 

14 

10 

8 

5 

90 

125 

0 

8 

5-5 1 35 


90 

900 

0 

15 

10 

9 

5*5 

90 

150 

0 

9 

6 : 4 

.. 

90 

1000 

0 

15 

10 

9 

5*5 

90 

175 

0 

9 

6 4 


90 

1200 

1 

0 

10 

9'5 

6 

90 

200 

0 

10 

C-5 1 4 

.. 

90 

1400 

1 

0 

10 

10 

6 

90 

250 

0 

10 

7 1 5 


90 

1000 

I 

1 

11 

10-5 

6*5 

90 

300 

0 

11 

75 5*5 


90 

1800 

1 

1 

11 

11 

7 

90 

350 

0 

11 

7-5 5-5 


90 

2000 

1 

2 

11 

11 

7 

90 

400 

0 

12 

8 « 


90 

2500 

1 

2 

12 

12 

8 

90 

450 

0 

12 

8‘5 6*5 


90 

3000 

1 

3 

12 

12 

8 

90 

500 

0 

13 

0 | 7 

.. 

90 









HEART- WHEEL. Fu., Roue cn occur ; Ger., Jferzschcibe ; Ital., Ruota a cuore ; Span., Rueda 

de cur a z on. 

See Gearing. 

HELIOSTAT. Fr., Ifeliostat, portc-lumicrc ; Ger., I/eliostat ; Ital., Eliostata ; Span., HclioHato. 

A heliretat. Fig. 3951, is an instrument by which a sunbeam may bo introduced into a dark 
room, and, by means of clockwork, kept directed to, and upon a fixed point. A heliewtat, suitably 
arranged, is often employed In trigonometrical surveying. Hoe Geodesy. 

SUbarmanris I/eliostat. — This apparatus is mounted on a plate which moves round a vertical axle, 
and is ad justed by means of a level ; the position of the axis of the time-piece is made to correspond 
w ith the latitude of the place by meanB of an arc and the adjusting mechanism u. Supposing now 
that this axis has been placed in tho meridian and that C C' represents the dial, D D' a limbus, tho 
centre of which iB in O, and in the plane of which is carried a needle pointing to tho correct hour 
indicated on the dial, then the plane of the limbus will pass through the centre of the sun. The 
limbus D D\ which moves in a box II, in wliieh it may be fixed at any position by means of tho 
screw V, is divided into ports, and by making the distance from the centre of the box to the end 
D of the limbus equal to the complement of tho declination, the line DOM will represent tho 
direction of the rays of the sun. 

The mirror is c&ttied by a jointed or articulated rhombus, the diagonal P P' of which is 
vertical to the plane of the mirror : this rhombus is constructed in such a manner that one of its 
sides is parallel to DO, that is to say, ]>arallel to the rays of incident, whence the reflecting ravs 
become jjarallel to the other side of the rhombus. By means of a second limbus R R', which can ne 
fixed in its position by the screw V', the inclination of these reflecting rays can be changed : and 
in order to bring these rays into all possible azimuths, the limbus R R' is carried upon a hollow 
shaft A, which contains, besides the transferring mechanism of the time-piece, the moving 
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mechanism for the needles and the other limbos I) D' ; this shaft A can be fixed by the hand- 
screw V". A pinule e and a screen P are arranged in such a manner tliat the chord c I* is parallel 
to O D, whence tho ray that passes through e arrives always at P ns soon as tbo apparatus is 
regulated. This circumstance or condition may ho used, on the other hand, for placing tuc axis in 


the meridian by means of setting tho time-piece correctly, making tho arc B D equal to the comple- 
ment of tho declination, and by turning then the apparatus upon its base-plate until the ray of the 
stin is seen to pass from e to P. A similar arrangement is adopted in M. Foucault's helinstat, and 
may bo fixed to all other ones. Fig. 3951 is of a heliostat made by Elliott Bros., London. 

HELIX. Fu.. notice; Ger., Schrambenlinie, Spiral* ; Ital., FJice; Span., I/tflire. 

A helix is a curved line of double curvature, h spiral line, as of wire in a coil. A knowledge 
of twisted surfaces, that havo helices to guide the generating straight line, is indispensable 

in designing scrcw-propelicrs. Tho equations of tho helix are x = a cos. 4 and y = a sin. ^ ; 

h A 

x, »/, z, being the co-ordinates of any point in the twisted surface. Bee Archqiediax Screw. 
Propellers. 

HINGING. Fs.,/ickr ; Ger., Auf hunger , durils ein Gelcnk verbinden; Ital., Gangherare ; 
Span., Emin$agrftdo, 

Hinging is the art of connecting two pieces of metal, wood, or other material together, such as 
a door to its frame ; the connecting ligaments that allow one or other of the attached substances to 
revolve are termed hinges. There are many sorts of hinges, among which may l>e mentioned, butts, 
chest hinges, coach hinges, rising hinges, casement hinges, garnets, scuttle hinges, desk hinges, 
screw hinges, back-fold hinges, centre-point hinges, and so on. To form the hinge of a highly- 
finished snuff-box requires great mechanical skill ; but few of tho best jewellers can place a faultless 
hinge iu a snuff-box. 

V* j fo ar ? man y Vft riotioa of hinges, and hence there are many modes of applying them, and 
much dexterity and delicacy are frequently required. In some cases the hinge is visible, in others 
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it is necessary that it should bo concealed. Some hinges require not only that the one hinged part 
should rovolvo on the other, but that the movable port shall bo thrown back to a greater or lower 
distance. Figs. 35152 to 31198 exhibit a great variety of methods of hinging. 

Fig. 3952 shown the hinging of a door to open to a right angle, as in Fig. 3953. Figs. 3954, 
3955, and Figs. 3956, 3957, show modes of hinging doors to open to an angle of 90°. Figs. 3958, 
3959, show a manner of hinging a door to open at right angles, and to have the hinge concealed. 


3952. 3953. 3954. 39SS. 



The segments arc described from the centre of the hinge A, and light portion requires to be ent out 
to permit the passage of the leaf of the hingo A B. Figs. 3960, 3961, illustrate on example of a 
centre-pin hinge, the door opening either way, and folding back against the wall in cither direction. 
Draw E F at right angles to the door, and just clearing tho lino of the wall, which represents the 
plane in which tho inner face of the door will lio when folded back against the wall in either 
direction. Bisect EF in B; draw A B perpendicular to EF, which mako equal to KB or B F, 
then A is the position of tho centre of tho hinge. 

To find the centre of the hinge, Figs. 3962, 3963 ; draw A P, making an angle of 45° with tho 
inner edge of the door, and A B parallel to tho jamb, meeting D A in A the centre of the hinge ; 
tho door, in this case, will move through a quadrant D C. 
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Figs. 3066, 3967, are of Another variety of centro-pin hinging, opening through a quadrant. 
The distance of A from BC is equal to half BO. In this, ns in a previous ease, there is a space 
between the door and the wall when the door is folded back. In Figs. 3962, 3963, as well as iu 
Figs. 3966, 3967, there is no space left between the door and the wall. 

Fig. 3964 ; bisect the atiglo at D by the lino D A ; draw E C ami make CF= ^ DE; draw F Q 

at right angles to C E, and bisect the angle G F 0 by the line B F, meeting DA in A; then A is 
the centre of the hinge. Fig. 3965 shows, when the door, Fig. 3964, is folded bock, that the point 
C falls on the continuation of the line G F. 


3962. 39C3. 5961. 



Figs. 3968, 3969 ; Figs. 3970, 3971 ; Figs. 3972, 3973 ; and Figs. 3974, 3975, arc example* of 
ocntre-pin joints, and require no particular or detailed describing. 

Figs. 3976 to 3978 are of a hinge, the Hap of which has a bead B closing into a corresponding 
hollow, so that the joint cannot be seen through. 

Figs. 3979 to 3981 show a hinge b a let equally into the styles, the knuckles of which form a 
I»rt of the bead on the edge of the style B. Iu this case the beads on each sido are equal and 
opposite to each other, with the joint-pin in the centre. 

In the example, Figs. 3982 to 3984, the knuckle of the hingo forms a portion of the bead on the 
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style C, and is equal and opposite to the bead of the stylo D. In Figs. 3985 to 3987, tho beads are 
not directly opposite to one another. 

Fig. 3988 exhibits the hinging of a bock flap when the centre of the hinge is in the middle of 
the joint. 


3985. 




398T. 





fl kft *^89, 3990, relate to the manner of hinging a back 0Ap when it is necessary to throw tho 
nap bock from the joint. An example of a rule-joint is given, Figs. 3991, 3992. 

igs. 3993, 3994, point out or define tho ordinary mode of hinging shutters to sash-frames. 
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FigB. 3995, 3996, illustrate a method of hinging employed when tho flap on being opened has to 
be at a distance from tho style. This method of hinging is used on the doors of pews, to throw tho 
opening flap or door clear of the mouldings. 



Figs. 3997, 3998, show the manner of finding the rebate when the hinge is placed on the contrary 
side. Let A be tho centre of tho hinge, y <* the line of joint on the Bame side, a c the line of joint on 
the opposite side, and ec the total depth of the rebate. Bisect ec in d, and join d A ; on d A describe 
a semicircle cutting y c in /, and through / aud d driw / 6, cutting a c in A, and join <i A, 6/, and / y, 
to complete the joint. 

HOE. Fr., Hone ; Ger., ffacke ; Ital., Zappa ; Span., Azadon. 

No peculiar mechanical skill is employed to form a hoe, which is an instrument for cutting up 
weeds and loosening the earth ; it is composed of a plate of iron, with a handle, which is set at an 
acute angle with the plate. Sec Hand-Tools, p. 1834. 

HOIST. Fa., Eidvateur ; Ger., Au/zwj ; Ital., Verricello, monta sacchi; Span., Aparejo para 
elerar. 

See Lifts : Hoists ; and Elevators. 

HOP-ELEVATOR. Fb., Eldvateur a houblon ; Ger., Elevator fur Hop fen ; Ital., J tontalnppolo ; 
Span., Elevador de lupulo. 

See Lifts ; Hoists ; and Elevators. 

HORSE-POWER, or Horse-Engine. 

A horte’pvfer, or, more properly speaking, a horse-engine, operated by one horse or more, is a 
machine generally employed to convert a slow motion into a rapid one; it effects the lighter 
operations of grinding, polishing, or pulverizing. There are many kinds of those easily-formed 
contrivances ; tho well-known A orse-potrer, invented by that ingenious mechanic, tho late James 
Bogardus, of New York, is very complete. See Agricultural Implements, p. 12. Ahrastuk, 
p. 142. 

HORSEPOWER (HP.) ami other Unite of Work. Fr., Cheval de force , et <T autre unites des 
travails mechaniquez ; Ger., rferdekraft und andere Krafteinheiten. 

A horse-power is a unit or standard of work by which the capabilities of steam-engines and 
other prime-movers are measured ; in England a horse-power is estimated 33,000 lbs. raised 1 ft. 
in a minute. 33,000 units of work a minute is = 550 units of work a second. One HI*., or one 
Force de Chetal French measure, is equal to 75 kilogrammes raised a mi tre in the direction of tho 
plumb-line in a minute. 3<>6 Force de Cheval is very nearly equal to 361 HP. British. Boo 
Algebraic Signs, p. 43. Belts. Boiler, p. 425. Brake, p. 597. Details of Engines. 
Dtxamometer Car. Gunnery, p. 1744. Indicators. Principle of Work. 

HOT- BLAST STOVES. Fr., Appareil a air chaud ; Ger., Winderhitsungsapparat ; Ital., 
Color if ero ; Span., Calorifero termodindmico. 

See Stoves. 

HOWITZER. Fr.. Obuitier ; Ger., Havhitxe ; Ital., Ohice ; Span., Ohus. 

A short, light, peculiarly-formed cannon is termed a howitzer ,• it has a chamber, and is intended 
to throw large projectiles with comparatively small charges ; it is so short that the projectile, when 
hollow, can be put in its placo hv hand. See Ordnance. 

HUB. Fr., Moyeu; Ger., Kobe; Ital., Moizo: Span., Cubo, or pina. 

A hub is a projection on a wheel for the insertion of a pin ; as a crank-pin hub. This term is 
often written hob. See Wheels. 

HYDRANT. Fr., Tuyau <T alimentation hydraulique; Ger., Hydrant; Ital., Jlamo di tubo ; 
Span., Boca de aqua. 

See Hydraulic Machines, Varieties of. 
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HYDRAULICS. Fr., Science hydrauliqvc ; Ger., Wassermntchinenkunde ; ITAL., Idraulica ; 
Span., ffidrduiica. 

Hydraulics is that department of engineering which treats of fluids in motion, especially of 
water, which in motion presents itself in four different ways ; ns passing out of a reservoir ; 
flowing in a bed : acting as a motor ; and in a passive state raised by machines. 

There are two quantities to be found in all calculations relating to this science— the weight of 
water and the intensity of gravity. These quantities arc variable, but almost always supposed 
constant. What follows will euablo us to judge of the error which may result from this 
supposition. 

When water is entirely pure, and is taken at its marfmam density, it weighs 62-4401 lbs. a 
cubic foot : such is its specific i ceit/ht. It may vary from three causes. The most powerful is the 
temperature. We know that heat expands l>odies, and this diminishes their density or specific 
weight. From accurate experiments, the density of pure water, at different degree* o ( Centigrade 
and Fahrenheit thermometers, would be as indicated in the following Table ; — 

Temperature. Weight of a Temperature. | Weight of a 

Weight of a cubic foot Weight ora cubic foot 

_ .. , ... ... cubic metre. in It*. A «... cubic metre. In Ibn. 

Centigrade. (ahrenbeiL Centigrade. Fahrenheit. 

kii. I [' | kil. 

30* ; 1000- 62-443 I 20 68 93824 62*333 

42* | 999*95 62 446 25 77 997 33 62 *268 

46J 999.87 62*441 | 30 86 995*73 62 182 

50 999*72 61*432 50 122 987*58 61*673 

881 | 999*51 62*420 ! 100 212 956*70 59*745 

59 99914 62*396 


Below 4° Centigrade or 39° Fahrenheit, the density, instead of continuing to increase, dimi- 
nishes; this diminution, at first very slow, rapidly progresses towards the limit of congelation, and 
the weight of a cubic foot of ice is only 58*078 lbs. 

The effects of pressure are much less sensible. Water was, for a long time, considered wholly 
incompressible; but exi>crimonta have shown that, under very heavy loads, it is really comprt-sseu, 
although but a very small quantity; about 0*0<XM)46 of its volume under the weight of one atmo- 
sphere ; that is, uniier a pressure represented by the height of a column of mercury in a barometer, 
a height estimated at 29*922 in., and which is couivnlcnt to the height of a column of water about 
33 - 793 ft. But as, in common practice, we shall not have to calculate upon such depths or heights 
of water, wo may, without sensible error, entirely neglect the effects of pressure. 

What proceeds from saline or earthy substances contained in tho waters which run on the sur- 
face of the globe, may also, in most cases, be omitted, the specific weight of the wnter of rivers Wing 
only one or two ten -thousandths greater than that of distilled water, which is token ns the standard 
of jjcrfectly pure water. Professor Iloisgaraud found, by many trials, made with great care, 
I000 k *149 for the specific gravity of the wnter of the Garonne, that of distilled water being 1000 
kilogrammes to the metre, or 62-449 lbs. to tho cubic foot. Brisaon has nearly an equal result 
for the Seine. Moreover, a mass of water, when surrounded bv air, loses, like all other bodies, a 
part of its weight equal to the weight of air whoso place it occupies; and this loss, which is 

«ldom below jjjjjjg- -00010, n»y be even = 00013. 

Finally, in our mean temperatures, and according to different circumstances, the weight of a 
cubic foot of water will lie only from 62 *35 lbs. to 62*39, or the cubic metre from !H»8 k *4 to 999 k . 
We shall however, constantly admit 1000 k , this value rendering the conversion of cubic metres of 
water into kilogrammes, and rice tersti, extremely easy. 

Experiments made at the observatory of Paris, gave 0“*9934 = 39-128 in., or 3 -2606 ft., for tho 
length of a pendulum vibrating seconds, this length being reduced to the level of the sea. Whence 
we conclude that, in that place, a heavy body descends 4“*9044( = $ X 0*99384**) = 16*091 ft., 
during the first second of its fall. If. at the end of that time, gravity ceased to act uj>on it, it would 
continue to descend, but with n uniform motion, running through double the space, or 32*182 ft. 
a second ; this number, which expresses tho velocity impressed by gravity in tho unit of time, 
represents, for Paris, the intensity of that accelerating force ; we generally designate that intensity 
or velocity by »/, the initial letter of the word gratify. (See our article Gunnery.) g augments 
with the latitude, and diminishes with the elevution above the level of tho sea, ami generally 
wo have the empirical formulas ; — 

In feet (<7 = 3™* 16954 (1 -0 00284 cos. 2 0 (l — . 

In metres (7 = 0 m -8051 (1 — 0*00284 cos. 2 /)^1 — , 

/ being the latitude of the place, e its elevation above the level of the sea, r tlio radius of the ter- 
restrial spheroid at the level of the sea in that place ; — 

{ r = 6366407“ (1 + 0 001C4 cos. 2/) J = 20887510 ft. (1 + 0*00164 cos. 20- 

Thus, at Toulouse, where l = 43^ 36* and e = 146“ = 479 ft., we have g = 9* *8032 = 32*1633 ft.; 
at Montlouis, where l =t 42 f 30' and r =: 1620“ = 5315 ft. (the rman height of the barometer being 
29*72 in.) (Journal dcs Mines, tom. 28 , p. 318), g = 9“ *7977 = 32* 1453 ft. 
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Notwithstanding these variations, for the want of knowing bettor, wo tako g = D™* 8808 = 32* 1817. 
However, according to the examples we have just soon, the results nf calculations into which this 
quantity shall enter, may be in error, even for Franco, more than one-thousandth. 

The value of g will very often appear under two forms, of which we give the origin. 

According to the first principle of the fall of heavy bodies, and of uniformly accelerated motion 
in general, the velocities acquired are os the times occupied in acquiring them: so that if t* is 
the velocity acquired by a lx*ly nt the end of the time t, g being, os we have just seen, the 
velocity acquired in 1”, we shall havo © ; g ;; I ; 1, or v = gt. 

According to the second principle, the spores passed through, or the heights of the falls, are ns 
the squares of tho times occupied in passing tlirough them ; then if h is the height through which 
the same body has fallen in the time t,\ g being the fall corresponding to 1", we shall havo 


h : i<j :: (* : ( i •')*, nr a = ^ • 

Taking the value of t in this latter equation, and substituting it in the first, wc have 



© = *J 2 g A, and consequently A = — . 


Since g = = 32 182 ft, Jig - V«4*3b : I = 8-0227, and — = 0155.%. 

2 g 


Consequently, © = 8*0227 h ; and h = -015530 r*. 

We call © the velocity due to the height A, and h the height due to the velocity r. 

The Greek letter w, which wo havo employed in other places, os it expresses the ratio of the 
circumference to the diameter (3* 1410), it has no other acceptation in this article. The fourth of 
that Quantity (* 7854), which is the ratio of tho circle to tho circumscribed square, presenting itself 
very frequently in calculations, we shall designate by *■'. 

General Principles , — Let X, Fig, 3001), be a vessel kept constantly full of water up to A B. If 
on the horizontal faces C D and E F are made the orifices M and N, the fluid will pass out iti the 
form of vertical jets, which will rise nearly to 
the level A K of the water in the reservoir ; they 
would quite attain that level, if certain causes, 
to be investigated in the sequel, opjxwed no 
obstacle. 

Now, from tho first principles of dynamics, 
in order that a body thrown vertically may attain 
a certain height, it is necessary that at its point 
of departure it receive a velocity equal to that 
which it would have acquired by falling freely 
from the same height. Consequently, since the 
fluid particles which pass from the orifices M and 
N are raised to the respective heights M G and 
N 11 on passing oat, they must have been im- 
pelled with velocities duo to those heights, which 
are the heights of the surface of the reservoir 
above the orifices. In like manner, if on a vertical face F R an openiug O he made, wc shall here- 
after see that, according to the respective values of the lines O P and P Q, the fluid posses out at 
O with a velocity due to the height O K. It would pass out with a velocity duo to K R, if the 
orifice were ojwned on tho bottom R T of the vessel. 

It will always bo thus with these different orifices, whatever bo thoir magnitude compared to 
the transverse section of the vessel, provided, however, that the fluid surface, preserving a constant 
level, remain even and tranquil ; a condition which could not be fulfilled, if the size were very 
large, the water flowing out producing violent commotion in the vessel. 

Generally, and mafeiug abstraction of every obstacle or all cause of perturbation, the t ebxdty 
of o fluid, at its passage through an orifice matte in the side of a reservoir^ is the same as a heavy body % could 
acquire in falling freely from the height comprised between the level of the fluid surface in the reservoir and 
the centre of that orifia\ 

This theorem, known under the name of Torricelli’s theorem* was established and published 
by that celebrated philosopher in 1G43, as a consequence of the laws of the fall of heavy 
bodies. 

If we designate by c the velocity of issue, and by H the height or head of water in tho reservoir, 
it will give v — n/2g U. 

We have just seen that water passing from the openings M and N did not quite attain the level 
of the fluid in tho reservoir. If to these openings we adapted two perfectly equal tulx>s, tho water 
would riso still leas hmh ; but the diminution of height would follow exactly the same ratio. For 
example ; if tho jet which issues from tho tube at M were only two-thirds of M G, that which 
would pass from the tube at N would Ite only two-thirds of N H. In general, let n be the ratio 
between tho height of tho jet and that of the reservoir for a tube of a certain form, II and H' two 
heights of the reservoir, and v and t the corresponding velocities, we shall have 



c = V2</«H and ©' = n/2gnH'; whence c : ©' :: nf II In/ H'; 


that is to say, the openings 1*>itig of the same form, the velocities are always as the squ*ire roots of the 
heads. 
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Experiments made by Mariotte, and repeated a hundred times since, leave no doubt as to this 
principle. We will here give the results of some of them; this will fix the degree of confidence 
with which the principle may bo received ; other 
details from the series of experiments which fur- 
nished these will be given presently. The first series 
was made by M. Caste 1 and l)'Aubuisson ; tho 
second, by Dossut ; the third and fourth, by Miche- 
lotti ; end the last, by M M. Ponoelet and Lesbros. 

It will be remarked that the heads were varied 
in the ratio of 1 to 200 and more, and the sections of 
tho orifices from 1 hi 500 ; and yet, in all, the velo- 
cities followed the ratio of tho square roots of 
the heads ; tho small differences which are seen, 
sometimes in excess, sometimes deficient, may bo 
neglected ; — small errors are inevitable in such ex- 
periments. Their direct object was the determi- 
nation of the discharges ; but it is evident that 
when tho orifice is the same, the discharge varies 
only with the velocity, that it is exactly propor- 
tional to it. and that the series of ratios of one is 
also the series of ratios of the other. 

The general principle that the velocities are as 
the square roots of tho heads, as well ns the theorem 
of Torricelli for cases where it is applicable, extends 
to fluids of all kinds; to mercury, oil, and even 
aeriform fluids. So that the velocity with which 
each of them passes an orifice, is independent of 
its nature and of its density: it depends only on 
the head ; experience proves it. 

Simple reasoning, also, can show that it must 
bo ao. Take mercury, for example ; the particles 
placed before the orifice, and on which it is neces- 
sary to impress a certain velocity, are. it is true, 
fourteen times more dense than those of water, and 
therefore they Oppose fourteen times as much resistance to motion ; but as the mass which presses, 
and which produces the velocity of passing out (being about fourteen times greater), exerts a 
motive effort fourteen times greater, there is a compensation, and the impressed velocity remains 
the same. , 

To the pressure which a fluid contained in a vessel exerts by its weight on the orifice of exit, 
may be added a foreign pressure, and the velocity of flowing is augmented. What will be its 
increase and its definite value? 

Let P be the weight of body which produces the pressure, and a the fluid surface or portion of 
the fluid surface on which it immediately acts, namely, that which is in contact with it; h the 
elevation of that surface above tho orifice, and p the weight of a cubic fool of the fluid contained 
in the vessel. For the given body substitute, in imagination, a column of that fluid, which would 
havo t for its base, and whose height h' would be such that the weight of the column would be 
equal to that of the body ; we should thus have P = pa V from which to deduce A"; substituting 
thus one body for another of equal weight, we should not change the pressure experienced by the 
particles contained in the vessel. Suppose, further, that after having withdrawn tho body, we odd 
in the vessel (whose sides we may suppose to bo prolonged to an indefinite height) a quantity of 
tho same fluid ns that already contained, until its level has attained the summit of the column ; 
according to the laws of hydrostatics, all the massofthc fluid added would only pnxlnee a pressure 
equivalent to that of a single column ; so that the particles situated before the orifice would experi- 
ence a pressure exactly espial to what they first experienced, and will always tend to pass out with 
tho same velocity. Now, in the new state of things, the height of tho reservoir above the orifice, 
the height generating the velocity of exit, is evidently A' + A, and consequently this velocity will 
t» V 2 ? (A’ + /,). 

Take, for example, a vessel closed on all Rides and filled with alcohol, whose specific gravity is 
0*837 ; on the cover is a circular opening of 1$ in. diameter, in which is a piston loaded with 18 oz.; 
the orifice of exit is 10 in. beneath that opening. To determine the velocity with which tho 
alcohol will run out. Wo admit that the friction of the piston on the edges of the opening is 
balanced by the weight of the piston itself. 

Wo then have P = 18 oz. = 1*125 lb.; s = *7854 x (1*25)’ = 1*227 sq. in. = *0085 sq. fl. ; 
p — *837 X G2*429 = 52*271 lbs. and A = 10 in. = *833 ft.: for A', the equation P = /»jA' or 
1*125 = 52*271 x *0085 A', gives 2*5329 ft. Thus the alcohol will issue with a velocity of 

V2 <7(2*5329+ *833) = VOl ‘304 X 3*3059= 14*718 ft. 

If the vessel were not kept constantly full, this velocity would gradually diminish. 

After having given the expression of the velocity with which any fluid issues from an orifice, wo 
pass to the use made of it in determining the discharge. 

We call the discharge of an orifice the volume of fluid which runs out of it in the unit of time, 
the second. 

If the mean velocity of all the fluid particles were that due to the whelc head II, this velocity, 
w hich is then called theoretic velocity , would be V 2 g H ; if, at the same time, tho particles passed 


Diameter of 
Orifice. 

Head of 
Urlltce. 

Series of 

Square roota 
of Head* 

Dl*rharjjr* 
or VelodUea. 

Inch**. 

Inrhea. 



0*3937 

1*024 

1*000 

1*000 


1*181 

1*074 

1*064 


1*575 

1*241 

1-244 


1*969 

1-386 

1 *393 


2*362 

1-519 

1*524 


feet- 



1*003 

4-205 

1*000 

1*000 


9*580 

1-500 

1*497 


12*500 

1*713 

1*707 

3*189 

7*677 

1-000 

1-000 


12*500 

1*305 

1-301 


22*179 

1*738 

1 ■ 692 

0*378 

6*923 

1000 

1-000 


12 008 

1*316 

1*315 

aquarv*. 

1*312 

1*000 

1*000 

— 

2*297 

1*323 

1*330 

71 in. 

2*281 

1*581 

1*590 

by 

4*205 

1*803 

1*800 

7| in. 

5*249 

2*000 

2*000 
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out from all points of tho orifice, ami in parallel lines, it is evident tlmt the volume of water 
running out in one second would bo equal to tho volumo of a prism which had tho orifice for a 
base, and that velocity for its height ; it would be, calling 8 tho area or acctiou of tho orifice, 
8 n/2 <j If. This is tho theoretic discharge. 

But tho actual discharge is always leas. ..... 

To give an accurate idea of tho state of thinga, let ns consider the fluid vein a little after its 
passage from tho orifice, and lot us cut it by a plane perpendicular to its direction. It is manifest 
that tho diw’harge will bo equivalent to tho product of tho section by tho mean velocity of tho 
linos, at tho instant of their crossing the section : if this section wore equal to that of the orifice, 
and if this velocity be oqual to that due to the head, tho actual discharge would bo oqual to tho 
theoretic discharge. But it happens, either that tho section of tho vein is sensibly smaller tluin 
that of the orifice, as in flowing through orifices in a thin side, or that tho velocity at the section 
is sensibly less than that due to the head, as in cylindrical tubes ; or even that there is a diminu- 
tion both in tho section and in the velocity, os in certain conical tubes. 8o that the actual 
discharge will, in all these different cases, bo leas than tho theoretic : and in order to reduce tho 
theoretic to tho actual, it must bo multiplied by a fraction. If m represent that fraction, aud Q 
tho actual discharge, we shall have Q = «8 n/'2<j H. 

Designating by Q' tho volumo of water flowing in any time T, we should also have 


Q' = mSTV2«/H, 


Whether thediminntion in tho discharge proceed from ft diminution in tho section of tho vein, 
or from ft diminution in tho volocity, it is always a conseauence of tho contraction which tho vein 
experiences on passing through tho orifice ; thus tho multiplier m, or coefiwnt of reduction ^ the 
theoretic (litharge to tho octal/ discharge, is commonly called the coefficient of the contraction of the fluid 
vein, or simply, coefficient of contraction. Its determination is one of vory great importance: on its 
accuracy depends that of the results obtained when the formula for tho How of fluids is applied 
to practice ; it has also been tho great object of tho experimental researches of bydraoliciaris. 
Wc will make known the results to which they have arrived, after making somo preliminary 
observations. 

On Contraction and its Effects. — Take a transparent vessel. Figs. 4000, 4001, let water flow 
through an orifice in its side, and make tho motion of the particles of tho fluid visible by mixing 
with them small substances of a 
specific gravity about equal to that 
of the water, such as saw-dust of 
certain kinds of wood; or, better 
still, by introducing light chemical 
precipitates, such, for example, as 
take place when drops of the solu- 
tion of nitrate of silver are poured 
into water slightly salted ; at a 
small distance from the orifice, say 
from 1 in. to 1| in. for an orifice of 
in. diameter, the fluid particles 
i rented from all parts towards tho 
orifice aro seen to describe curved 
lines, and to terminate by passing 
towards the orifice with a very accelerated motion, as towards a centre of attraction. 

Tho convergence of the directions which they take in the interior of the vessel, on tho instant 
of their arrival at the orifice, still continues for a litHe distance after they havo passed through it, 
so that the fluid vein, at its passage from the orifice, is gradually contmrted up to u point where 
its particles, by the effect of their reciprocal action, and of the motions impressed upon them, take 
a parallel direction, or othor directions. The vein thus forms a kind of truncated pyramid or cone, 
whose greater base is the orifice, and whose smaller is tho fluid sectiou nt tho jiointof greatest con- 
traction — a section which is often called the section of the contracted rein. This figure, and nil tho 
phenomena of contraction, are thus a consequence of the convergence of the lines, when they arrive 
at the orifice, or of tho obliquity of the direction of somo in respect to others. 

When tho orifice is in a thin side, the contraction takes place below tho plane of that orifice; it 
is exterior,* it is aeon; its dimensions can bo measured, and they have actually been measured. 
W'e shall soon tell what has been done in this respect ; wo shall here simply remark that in circular 
orifices beyond the section of the greatest contraction and nil to a certain distance, the vein 
continues in the form of a cylinder, of which that section woula bo the base, and with a velocity 
nearly that duo to the height of the reservoir. The discharge, then, will be tho product of that 
section by that velocity; so that tho contraction will be limited to reducing the section which is to 
enter into the expression of the discharge. Tho flowing takes placo os if, for tho real orifice, 
another had been substituted, of a diameter equal to that of tho contracted section, and as if there 
had been no contraction. 

If to the orifice A B, a cylindrical tubo A BCD be fitted, tho fluid liuca will arrive at A B 
converging, and consequently the fluid will bo contracted at tho entrance of the tube. Expert- 
n lenta, to be given hereafter, will indicate that the contraction there is equal to that which takes 
place in orifices with thin sides; it would bo only interior in relation to the month of the outlet. 
Moreover, beyond the contracted section, the attraction of tho sides of the tube occasions a dilation 
of the vein; the threads are carried against the sides, they follow the sides, and pass out parallel 
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to each other, ami to the axis of tho tube; bo thnt the section of the vein at ita exit is qnite equal 
to that of the orifice, but the velocity is not that duo to the head of the reservoir. If the flowing 
were produced only by tho simple pressure of the fluid contained in the reservoir, probably the 
velocity, at the section of greatest contraction, would be thnt duo to tho head, then it would 
diminish in proportion as the vein dilates, in virtue of the law or axiom of hydraulics, icAcn on 
incompressible fluid in motion form s a continuous tmss, the velocity, at its different sections, is in the inverse 
ratio of the area of the section ; the diminution would ccaso when, the vein having attained the sides, 
its section would become equal to that of the orifice. Since m is the ratio of the section of greatest 
contraction to that of the orifice, the velocity along the Bides, and consequently at the exit, would 
bo m a/2 u H ; and for tho discharge we shou ld hav e 8 x m g IL 

In orifices in a thin side, it was m 8 x a/2 g H : thus tho discharge would be the same in both 
cases; tho only difference is, that in tho latter the diminution would have affected the factor 8, 
and in the tubes it would have fallen on tho factor */?.<] II ; that is to say, on tho velocity. But 
the attractive action of the sides changes this state of things; not only does it cause the lines to 
deviate from their direction, but it also increases their velocity, so that tho velocity of exit is 
greater titan tn s/'l g H ; it will bo in’ 2 g H, m' being a fraction greater than m ; and the discharge 
• will beoomo 8 x biV2jH. 

Wo see by this, that in cylindrical tulx*s and in ajutages generally, tho cff«*et of contraction is 
Involved in that of tho attraction of the sides. Without being able to assign what belongs to tho 
first alone, we will remark that for every interior contraction there is’ a corresponding diminution 
of velocity, and every exterior contraction produces a diminution of section. 

Let us examine the form which contraction gives to the fluid vein passing from an orifice. Take 
first the most simple case, that of a circular orifice in a thin and piano side. 

Ibe direction as well as tho velocity of tho particles at tho different points of the orifice being 
symmetrical, the contracted vein must also have a symmetrical form, and consequently be a solid 
of revolution, a conoid. It is so in fact, and observations about to be reported 
give it the form represented by A Bin, Fig. 4002. Beyond a f> tho contraction 
ceases, and the vein continues under a form sensibly cylindrical for a certain 
length, and until it becomes entirely deformed, from tho resistance of the air and 
other causes. 

In tho first part of that length it is full, clear, sometimes like a bar of tho 
most beautiful crystal ; then it becomes disturbed, and, examined in a strong 
light, it presents a’ scries of swellings and contractions. From the very ingenious 
experiments of M. 8avart, the appearance of continuity of the disturbed part is 
only an optical illusion, arising from tho rapidity of tho motions ; this part con- 
sists of a series of distinct drops, alternately large and small, leaving between each 
other a space eight or ten times greater than their mean diameter, tho form of 
which, oscillatiug round that of a sphere, is alternately an elongated and an 
oblate spheroid. 

Boyle observed that the length of the clear part, as well as that of the swellings in the disturbed 
part, increased proportionally to the diameter of tho orifice and tho head : for tho clear part, it was 
nearly 380 J J~h in metres, or 209 d h in feet. The formation of drops, that is to say, their 
detachment from the dear part, is not, even in descending jets, an offoct of the acceleration of 
velocity due to gravity ; for it takes place equally in jets thrown upwards. It appeared to Savart 
to be an immediate effuct of the oscillation which occurred in the fluid of the reservoir, in conse- 
quence of which the particles of tho jet, being sometimes more and sometimes less pressed at 
their exit from the orifice, moved with a velocity alternately greater and less. D’Anbuisson 
discovered such alternations in most of the motions of fluids. He observed them also, in a very 
marked manner, during his experiments upon the resistance which the air experiences in conduit 
pipes. 

M. 8avart also showed the very singular influence of the waves of sound on the liquid veins ; 
for example, if the disturbed part be received on the bottom of a vessel, there is heard a sound duo 
to the impulse of successive drops ; if then a note be produced on a violin iu unison with this sound, 
the clear part of tho jet is immediately seen to become shortened, and sometimes even to disappear 
entirely ; the swellings of the troubled part become bigger and shorter, and tho space which sepa- 
rates them is greater. 

To return to tho commencement of the jet, to the contracted vein properly so called, tho conoid 
A B h a, Fig. 4002. Attempts have been mado to determine its respective dimensions, and par- 
ticularly the ratio between the diameters of the two bases, by direct measurements. Newton, who 
observed the phenomenon of contraction and its effects on the discharge, ami first attempted shell 
an admeasurement ; he concluded that tho ratio of the section of the orifice to the contracted section 
was that of V 2 to I, and consequently that of tho diameter was as 1 to 0-841 ; but wo believe 
that theoretical considerations, rather than a physical measurement, led him to adopt that result. 
Since then, several philosophers have made like measurements ; thus A B being 1 ; Polcni found 
for a 6 0-79; Borda, 0*804: Michelotti, 0-792; Bok.su t, from -812 to ’817; Eytolwein, -80; 
Venturi, -798: finally, Brunaci, *78. Nearly all these numbers, whose moan term is -80. are very 
probably a little too large; they wero found by measurements taken with callipers; if closed too 
much, the points were thrust into the body of the stream and the disturbance indicated it ; but if 
too much open, the eye could not exactly appreciate how much it was so ; hence an error iu excess 
might be made, but not one in deficiency. 

Michelotti the younger took up this question, which had already been treated by his father. 
I-argo jets obtained under great heads, gave him the following results. 
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Head *hove the 
Orifice lu feet. 

Diameter In inches. 
At tbe Orifice [ 

Ratio between 
Diameter*. 

Dlat&noe from 
Orifice to 
Contraction, in 
tqchiw. 

Ratio or the 
IH«uno* to the 
Contracted 
I >la meter. 

6*890 

6*394 

5*047 

0*790 

2*520 

0*501 

12*008 

6*394 

5*039 

0*788 

2*520 

0*500 

7*349 

3* 197 

2*511 

0*786 

1*260 

0*500 

12*50*2 

3*197 

2*504 

0*783 

1*210 

0*492 

22*179 

3*197 

2*413 

0*755 

1*181 

0*497 


Abstracting the Inst number 0*755, which is entirely anomalous, the mean ratio between the 
two diameters is 0*787. From what has l>een said, wo think it may bo adopted, but only ns a mean 
term ; for, nH wo shrill soon see, this ratio experiences variations, slight, to be sure, which depend 
upon the heads and the diameters of the orifices. The length of the contracted vein should ho 
about half the diameter of the smallest section, or 0*39 of the diameter of the orifice. According 
to these experiments, the three principal dimensions, A B, a 6, ami C D, Fig. 4002, of the contracted 
vein would bo respectively as the numbers 100, 79, and 39. 

Eytelwein, chiefly increasing the last dimension, one very difficult to determine with accuracy, 
takes the numbers 10, 8. and 5; this ratio is quite generally admitted. Ah to the curves A a and 
B 6, Michelotti refer* them to a cycloid. In conclusion, the form of the fluid vein, at its passage 
from a circular orifice, has some resemblance to the hell-tdmpod end of a hunting horn. 

The ratio between the diameters Wing 0*787, that between the sections will be the square of 
0*787, or 0*619; thus, if « is the section of the contracted vein and 8 that of the orifice, we shall 
have i = 0*619 8. From the explanations made, p. 1889, the discharge will be i •J'L g H or 
0*619 8 ojlg H. So that m, or the coefficient of contraction given by physical measurements of tho 
vein, will be at a mean 0*619; and the measurements of the discharge indicate nearly tho same. 

If tho velocity due to the head of the reservoir were really tho velocity at the passer of the con- 
tracted section, and the flowing were produced through a tube which had exactly the form of tho 
contracted vein, hv introducing into the expression of tho discharge the exterior orifice of that 
tube or s, tho calculated discharge would lie equal to the real discharge, and the coefficient for 
reducing one to tho other would lie I. Michelotti, in one of his experiment*, by employing a 
cycloidal tube, found it 0*984; it is probable that it would have come up to 1, if tho sides of tho 
tube had been more exactly bent to the curvature of the fluid vein; and if the resistance of 
the sides, as well as that of the air, had not slightly retarded the motion. 

Orifices, whose perimeter is a polygon, or any figure other than a circle, do not present a form 
so simple, or leading to the same consequences. 

The different parts of the orifices not being symmetrical, the fluid vein does not preserve tho 
form which it had on coming out, and it changes from it continually as it removes from it. At its 
exit, tho faces corresponding to the rectilinear sides of tho 
orifice become more and more concave; tho edges corresponding 
to the angles become truncated and terminate by disappearing. 

Thus Ponoelet and Lesbros, having drawn, by aid of very exact 
means, the form of a vein which passed from a square orifice 
A CKO, Fig. 4003, whose sides were 7 Jin. under a head of 
54 ft., had, at the distance of 5*9 in. from tho orifice, the sec- 
tion aceqi and at 11*81 in., the section 6 * <f fh\ 

This last, one of the nine sections observed, was the smallest ; 
its area was to that of the orifice in the ratio of 0*562 to 1, whilst 
that of the actual discharge to tho theoretic disctiarge was 
found to be 0*605; they would have been equal, if the velocity 
of that smallest section had been due to the head of the reservoir. 

Although tho fluid particles at 6' c' d\ Ac., on this section. 

Fig. 4003, are those which cainc out at the points BC D, Ac., of 
the orifice, and in removing from the reservoir have always re- 
mained on the line of interaction of the vein with the planes pacing through its axis arid thoeo 
points respectively, it is nevertheless true that the section 6' <f f h' is a kind of square, the vertex of 
whose angles correspond* to tho middle of the sides of the square of the orifice; and that the vein 
ap|tears to have made an eighth of n revolution round its axis. A phenomenon of this nature is 
produced on all the veins which come out of an orifioc not circular; 
it is called tho reversing of the rein. 

The orifice was a regular pentagon A, Fig. 4004, of 0*551 in. each 
side, made in a thin vertical plate of copper (the figure representing it 
with its accessories, is one-quarter of the natural size); tho flowing 
took placo under a head of 6 *463 ft At tho distance of 0*172 in., the 
section perpendicular to tho axis of the vein was a quite regular de- 
cagon. At I * 181 in. was the greatest contraction or first /.not. Beyond, 
tho vein entirely changed it* form ,* it presented five fluid plates, dis- 
posed symmetrically around the axis, as is seen in the section B, made 
3*74 in. from the orifice; the planes of tho blades passed through tho 
centres of the sides of the orifice. Their breadth continued to increase 
up to the belly of the vein represented at C. Then it diminished, and the blades united anew in 
a second knot , at 2 ft. 10 in. from the orifice. Beyond, the vein was twisted and irregular. 

6*2 
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For tho rectilinear pentagon of the orifice were successively substituted pentagons with convex 
and concave aide*, sides presenting salient and re-entering angles like tho star D, and the vein 
always preserves the same form, the same flvo blades. 

With orifices of six and eight sides, we hail six and eight blades; and the reversing of the vein 
was a twelfth and sixteenth of the circumference. When the opening was a rectangle, narrow, 
and very long in the horizontal direction, at a certain distance, the vein consisted only of a brood 
vertical blado ; tho reversing Beemed complete. 

Often, beyond the second knot, the vein dilates again and divides a second time into the saino 
number of blades ; but their plane does not correspond to tho middle of tho sides of tho orifice, but 
to tho vertex of the angles ; that is to Bay, tho vein is again turned an equal quantity, or rather it 
returns to its place. The blades increase in breadth up to tho second belly, and diminish again to form 
a tliinl knot, beyond which sometimes there is still a new dilation, a third belly and n fourth knot. 

Orifices in Thin Partition ». — We now come to the direct determination of the coefficient of 
reduction, from tho theoretic to the actual discharge. 

And wo will measure with care tho volume of water passing from a given orifice, under a 
constant head, and during a certain time; ami wo shall derive from it the product of the How in 
one second or the actual discharge; we will divide it by the theoretic discharge corresponding to 
that orifice and to that head, and the quotient will lie the coefficient sought. 

• Many hydraulic engineers have applied themselves to this investigation ; P’Aubuisson gives, 
in the following Table, the principal results obtained up to the present time; those which apfienr 
to have been made under the most favourable circumstances, or which were generally admitted. 


Circular Orifices. 

Square Orifices. 






Side of 





Head In feel. 

Oueffldent. 

Observer*. 

wiuiire In 

Head in feet. 



inches. 




inches. 



Mariotti 

0*268 

5*873 

0*692 

Castel . . 

0 394 

0*104 

0*655 


0*268 

25*920 

0*692 

Hossut.. 

1*068 

12*500 

0*616 

Caatel . . 

0*894 

2*133 

0*673 

Miehelotti .. 

1063 

12*500 

0*607 


0*394 

1017 

0 6. >4 


1*063 

22-409 

0*606 


0*590 

0*458 

0*682 

Hossut . . 

2*126 

12*500 

0*618 


0*890 

0*984 

0*617 

Miehelotti .. 

2*126 

7*340 

0-603 

Eytelwcin .. 

1027 

2*372 

0*618 


2*126 

12*566 

0*603 

ItoHSUt .. 

1067 

4*265 

0*619 


2*126 

22*245 

0-602 

M ichelotti 

1067 

7*317 

0*618 

„ 

3*228 

7*415 

0*616 

i'astel 

1*181 

0 223 

0*629 

„ 

8*139 

12*566 

0*619 

Venturi .. 

1*614 

2887 

0 022 

„ 

3*189 

22 376 

0-616 

Hossut .. 
Miehelotti . . 

2*126 

2*126 

8*189 

12*500 

0618 






7*218 

7*349 

0*607 

0*618 

Rectangular Orifices (hidone). 

»♦ •• 

3*189 

3189 

12*500 

22*179 

0*612 

0*597? 

Rectangle. 

Head In 
inches. 



6*878 

6*923 

0*619 



Coefficient. 


6*378- 

12 008 

0*619 

inches. 

inches. 







0*362 

0-728 

13 

0-620 





0*362 

1*457 

13 

0 620 





0*362 

2*909 

13 

0*621 





0*362 

5*818 

13 

0*626 


Tlic most remorkablo of all these experiments, as well for the great size of the jets os for tho 
greatness of the head, are those which Miehelotti executed in 1701, at the fine hydraulic establish- 
ment constructed for that purpose at about two miles from Turin ; the reservoir consisted of a 
tower 20 ft. 3 in. high, whose interior, which is a square of 3*182 ft. a side, receives through a canal 
tho wntors of the Doire. On one of the faces were fitted, at the different heights, the orifices or 
tubes which were thought proper; arrangements were made to receive them, and on the ground, 
which is at the baae, were several measuring basins. These experiments were repeated in 1784 by 
Miehelotti the younger, and they are the last introduced into the Table. 

Tho experiments just reported and those made by other authors have shown that tho coefficient 
of contraction is generally greater for small orifices and small heads ; but they furnished only 
vague and almost contradictory notions in this respect. It would have been impossible to deduce 
from them the series of coefficients from great orifices to the smallest, and from great heads to the 
smallest; this deficiency has recently been supplied by MM. Ponoelct and Lesbroe. They made, 
in 1826 ami 1827, at Metz, a series of experiments on a very great scale, and with care and means 
which had not before been employed. 

They appear to have nearly solved the great and useful problem of the contraction of tho vein 
in a thin partition, perhaps as nearly as the nature of the subject admits; and in a manner, if 
not entirely theoretical, at least very suitable to applications. 

In these experiments the orifices were rectangular, and nil of 0"*-2 = 7'874 in. base; tho 
heights were successively 7‘871 in., 3*037 in., 1 *968 in., 1 * 18 in., 0*787 in., 0*394 in. ; the heads 
varied from 0*394 in. to 5 577 ft. For each of these orifices the discharge was measured with several 
repetitions, under seven or ten heads, of which the two extremes were taken, tho one nearly as small 
and the other os large as the apparatus allowed ; and the corresponding coefficients were calculated. 
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Taking, then, the head* for abscissas and their coefficients for ordinates, the curve relating to 
that oritice was traced ; and by its aid they determined the ordinates or coefficients intermediate 
to titrate directly given by experiment In this manner the authors were enabled to arrange a large 
table of coefficients for each orifice, from which we extract the following ; — 


Head on centre 


Height of Orifices (base of each 7-874 Inches). 



?*8T4 In. 

3*937 in. 

! 1*968 In. 

! 1181 in. 

•787 in. 

■394 in. 

Inches. 

•394 

*787 

1*181 

1*575 

1-968 

2*362 


0-590 

0-612 

0*617 

0*622 

0*638 

0*640 

0*640 

0-640 

I 

0*660 

0*660 

0*859 

0*659 

0*658 

0*709 
0 698 

0*691 

0*685 

0-682 

0*678 

3 150 


0*600 

0 - 626 

0-639 

0*657 

0*671 

3 937 


0-605 

0*628 

0*638 

0*655 

0*667 

4*725 

0*572 

0-609 

0-030 

0*637 

0*654 

0 664 

5*906 

0-585 

0-611 

0*631 i 

0*635 

0*653 

0-660 

7*874 

0-592 

0-613 

0-634 

0-634 

0-650 

0-655 

11*811 

0*598 

0*616 

0*632 

0*632 

0*645 

0 650 

15*748 

0*600 

0017 

0*631 

0*631 

0-642 

0 647 

feet. 

1-640 

0-602 | 

0*617 

0-G31 

0*630 

0-610 

0*643 

2-297 

0*604 

0*616 

0*629 

0*629 

0*637 

0-638 

3*281 

0*605 

0*615 

0*627 

0*627 

0*632 

0 627 

4 205 

0-604 

0*613 

0*623 

0*623 

0*625 

0-621 

5-250 

0-602 

0 011 

0*619 

0*619 

0-618 

0*616 

6*582 

0*601 

0*607 

0-613 

0*013 

0*615 

0*613 

9 843 

0*601 

0*603 

0-606 



0*607 

0*608 

0*609 


All the numbers in this Table are the respective values of m iu the formula Q=mS*/2«/H. 
Rut those which in each column are found above the transverse liue, are not tho true coefficients 
of reduction from the theoretic to the nctual discharge, as wo shall presently see. 

Glancing over the numbers of each column, we see that they increase ae the head increases, but 
only up to a certain point, beyond which they diminish, although tho head still augments. How- 
ever, in small orifices, those below 1*181 in., the increasing part of the series is very limited ; and 
even in very small ones it is nothing. Wo see also that tho terms of the decreasing port of all the 
series approach equality in proportion as the head increases in value. 

Although the coefficients iu tho Table altovo are deduced from experiments made on rectangular 
orifices, they may serve for all others, whatever be their form ; the height of the rectangle noted in 
the Table will express the smallest dimension of the orifice which should bo used. For it is gene- 
rally admitted that the discharged is entirely independent of the figure of the orifice, and that it 
always remains the same, while the area of the opening is unchanged ; always provided, in 
accordance with an observation made by M. Harhette, that this figure l> resents no re-entrant angles. 

Although some of the orifices on which Fonoelet and Lcsbroe made their experiments are very 
large, still there are those which discharge twenty or thirty times as much water; such are tho 
openings of sluice-gates in cunals of navigation, and it was important to establish directly the 
coefficient of their discharge. In 1782 Lespinnsso, a skilful engineer, made for this purpose several 
experiments on the canal of Languedoc, to which, ten Tears after, Pin, engineer of the same canal, 
added some others. Tho principal results of these, like the former, ore placed in the following 
Table. The breadth of the opening is nearly 4*265 ft.; the form not being exactly a rectangle, 
the heights ore to be regarded as only approximate. 



Openings. 

Area. | Height 

Head on the 
centre. 

Discharge In one 

second. 

Coefficient 



square feet 

7*745 

6*992 

6*992 

6*466 

6-723 

6*723 

6-723 

6*717 

feet. 

1*805 
1-640 
1-640 
1-509 
1 ‘575 
1*575 
1-575 
1-575 

feet. 

14*554 

6-631 

6-247 

12*878 

18-586 

6-394 

6*217 

6*480 

cubic feet 

145*292 

92-635 

88*221 

138-937 

128-764 

83*5448 

79-857 

85-219 

•613 

•641 

*629 

*641 

-647 

*616 

*594 

*621 



Mean term 

*625 
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This mean coefficient, exactly equal to that obtained from an experiment made on a sluice of 
the basin of Havre, is a little greater than that indicated by the table of M. Poncelet, p. 1893 ; pro- 
bably the cause of it is, that on all the perimeter of the opening, the flowing did not occur as in 
a thin side, and that on some point the contraction was suppressed. It may be remarked on this 
subject that the woodwork which surrounded this orifice was 0"*27 = '880 ft. thick, and even 0" > *54 
= 1*772 ft. thick on the lower edge. Also, when the gate was raised only a small quantity, the 
contraction ceased on tho four sides, and the coefficient increased considerably. For example, 
Lc-qiinaasc having mind the gate only 0“*12 = *894 ft., had for a coefficient *803, while with 
1*509 ft. opening, he had a coefficient of only *041. 

The experiments of this engineer presented a very remarkable fact, of which no mention was 
made, and which reappeared iu those of Pin. A sluice-gate had two parts, and each had an open- 
ing in it : if, while the water was flowing through one, the second was 
o|x;ncd, the discharge of tho first was diminished ; if both were opened to- 
gether, the discharge was not double of the two taken wparntely, although 
each hod the same area and head. The difference is about one-eighth, as 
may be seen by the annexed comparison of thecoefficionts of reduction 
for tho two cases. 

The interval between tho two openings is 2 m *92 = 9*58 ft., and their 
% piano forms an angle of 60° with tho direction of the canal. 

But it is very worthy of remark that this fact, which appeared posi- 
tive for the sluices of tho canals, did not take place at all in a series of 
experiments which M. Castel and D’Aubuissou do Voiains made on a 
small scale, but with very great care, for the purpose of verifying it. They 
had, side by side, three rectangular orifices of ‘328 ft. by *033 height, 
and separated by an interval of only *033 ft. They measured tho water 
passing tho rniddlo orifleo first, keeping tho two side orifices closed, 
then opening one aud finally opening both ; the mean results are given in tho following Tablo ; — 


Coefficient 

With one 

With two 

opening. 

openings. 

0*641 

0*550 

O'tiSB 

0 • 555 

0*616 

0*554 

0*594 

0*526 

0*621 

0*555 

0*620 

0*548 


Head on tho 
Orifice. 

Discharge from Middle Orifice. 

Coefficient. 

Middle Orifice 
attune open. 

Midtile Orifice, 
vnth l lateral 
Orifice, open. 

Middle Orifice, 
with the 2 Lateral 
Orifice*, open. 

feet. 

cubic f*vt. 

cubic feet 

cubic feet. 


•0650 

•01607 

*01606 

•01614 

0-728 

*0984 

•01946 

*01946 

•01912 

0*720 

*1312 

•02242 

*02246 

*02250 

0*719 

•1640 

*02497 

*02497 


0*715 

*1969 

•02723 

*02716 

•• 

0*710 


Hnp|M>xing that these unexpected coefficients might have been influenced by the very small 
interval from one orifice to the other, we increased the interval fivefold; that is, from *394 in. to 
1*908 in., and the coefficients remained the same. 

Surprised at the difference lietwecn these results and those found on the canal of Langueddc. and 
fearing that it arose from the particular form of the orifices and apparatus, D’Aubuissou requested 
M. Castel to make new experiments; ami in 1836 he had tho kindness to perform a series, by tho 
aid of the great apparatus which he had just been using for his great work on Weirs. He clammed 
up a canal 0* *74 = 2*428 ft. broad, with a thin copper plate, in which he opened, on the tamo 
horizontal strip, throe rectangular orifices, each 3*94 in. wide by 2*36 in. high, and separated from 
each other by an interval of 3* 15 in. The flowing took place nndcr a constant head of 4*213 in. 
above their centre, and tho coefficients of contraction were as follows; — 


1 for tho middle .. .. *6198 

„ right *6193 

„ left *6194 

1 the two outsides .. .. *G205 

rniddlo and right.. .. *6205 

„ „ left .. .. -C207 

Tho three orifices all open *6230 


Here, fa proportion as tho orifices were open, instead of a diminution in tho coefficients, thcro 
was Ml increase, very small, to bo sure. As it depended on a particular cause, a neater velocity 
of water in tho canal, in consequence of a greater discharge, we shall make deduction of that, and 
conclude that, when in tho dam of a reservoir or course of water now orifices are opened by tho 
side of an orifice already existing, the discharge through that orifice is not diminished by it. 
8ome persons thought that such a consequence would not extend to the case when two orifices 
were situated in planes making a certain angle, as in the openings of the sluice-gates. M. Castel 
solved this question. He took two plates joined at on angle of 120° (that of sluice-gates is gone- 
wily from 10° to 20° more open); in each he made two rectangular orifices of 3*94 in. wide by 
2*36 in. high; one 4*72 in. and the other 11*02 in. distant from the angle that joined them; ho 
“ted this partition to tho extremity of his canal, and let the water Wow under a head of 0 W *14 
— 5*51 in. Ho first opened successively each of the four orifices; then two at a time differently 
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combined : then threo differently combined, end Anally four. The following Tablo presents tho 
mean results obtained. 


of tho canal of Languedoc were from 2“ = G$ ft. to 4“ = 13 ft. To 
obtain an analogous ease. M. Castel adapted to the experimental appa- 
ratus two orifices of 1*97 in. wido by 1*18 in. high, and had tho results 
which we give, p. 1902. 

It is always the some coefficient, with tho insignificant 
increase duo to tho nutntar of orifice's open. 

These experiments, often repeated, with apparatus free 
from every exceptionable circumstance, and where any sen- 
sible error was impossible, by the most accurate and con- 
scientious observer, induced D’Aubuisson do Voisina, if not 
to call in doubt tho facts previously announced, at least to 
regard them as anomalous, and to rojcct tho general conse- 
quence which may be drawn from them. 

In the different cases hitherto investigated, it is admitted that the fluid of the reservoir arrives 
equally at all parts of the orifice, but often it is not so; for example, when tho orifice is at the 
bottom of a vertical side, and its lower edge is in the plane of the bottom of the reservoir, the con- 
traction is then destroyed on that side, and consequently tho discharge is greater. What will bo 
the increase in discharge for a certain length of suppression in the contraction? This question has 
been nearly solved by M. Bidoue, by tho aid of numerous experiments made for that purpose ut tho 
water-works of Turin. 

The orifices were made in thin vertical copper plates ; on their interior surface were fixed, 
perpendicular to their plane, small plates, on a level with certain sides of the orifice ; as it were, 
the prolonging of these sides into the interior of the reservoir. During tho flowing, the water 
running along the plates passed through the adjacent sides without any contraction, while a con- 
traction occurred ou the other sides. Tho form and size of these orifices were various. We shall 
limit ourselves to giving the results of experiments with a rectangular orifice of O'* *054 = 2^ in. 
base and 1 *0G in. in height ; the plates adapted to them, sometimes on one side and sometimes on 
two or three, were 2*638 in. long ; they thus extended that length into the reservoir. The flowing 
having been produced under heads varying from G'5G2 ft to 22*573 ft., wo have tho following 
coefficients ; — 



That given in tho second lino was obtained by tho two extreme 
orifices, which were duiKwed like those of the sluice of tho canal of 
Languedoc. As a lost objection, it was said that the heads ut the sluice 




M. Biilone, taking the mean result of all tho experiments made on rectangular orifices, admits 
for the numbers of the last column, which iudicates the increase of tho coefficient and consequently 
of tho discharge, that for tho orifice entirely free being taken for unity, the general expression 


1 + 0*152 ^ , in which n represents tho length of the part of the perimoter when tho contraction 

is suppressed, and p tho longth of tho whole perimeter. Tho greatest error which this formula 
gave M. Bidone being only wo may adopt for the value of the discharge in rectangular orifices 


when there is no contraction on a part of the perimeter, mSV2yH^l + 0*152^. 

The same author also made experiments on circular orifices. lie took one of 1 * 575 in. diameter, 
‘and by the aid of curved cylindrical plates ho destroyed the contraction, first, on an eighth of tho 
circumference ; then successively on 2, 3, 4, 5, 6, and 7 eighths. We indicate tho results obtained 
in the following Tablo 



We see here that the numbers of the last column increase a little less rapidly than in the caso 
of the rectangular orifices, so that the general expression from these numbers would be only 

1 + 0128 - . 

D 
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M. Bid one, After having circumacril»cd seven-eighths of his circular orifice, wished to circum- 
scribe it entirely : and for this purpose lie fitted to the orifleo a cylindrical tube of 0“ '04 =• 1*575 in. 
diameter, which ran O ro *OC>7 = 2*638 in. into the interior of the reservoir; he had 0*707 for the 
coefficient, and consequently 1*285 for the number of the last column. The expression above 
would have given 1*128 — a number in which the increase is not oven half of that really obtained. 
Whence wo conclude that the phenomena of flowing through interior tubes, the case where the 
contraction is entirely suppressed at the edges of the exterior orifice, is no longer of the same kind 
ns that where it is destroyed only in part, however great that part may be ; there is no passing 
from one case to the other. 


We have always supposed the sides in which the orifices were, to bo plane, but they may bo of 
another form. To give an idea of the effect which may result upon the product of the flowing, it 
is necessary to remember that if the floid lines arrive at the orifice parallel to each other, the 
actual discharge would be equal to tho theoretic discharge, and that it is loss only in consequence 
of tho obliquity with which they unite, from which obliquity necessarily results, at tho point of 
contact, the destruction of a part of tho motion acquired. This being established, if around tho 
orifice we imagine a spherical surface or cap. Fig. 4005, of a radius equal to that of the sphere of 
activity of the orifice, and limited by tho sides of the vessel, it would be traversed at each of its 
points, and in a direction nearly perpendicular, by the Arriving lines; the more extended tho 
spherical cap, the more obliqne will be their directions, and tbc more opposed to each other ; and 
consequently the more will their motion bo destroyed at the orifice, and tho less considerable tho 
discharge. When the side is plane, the cap is tho surface of a hemisphere. Fig. 1001, and is found 
in the case to which belong the coefficients of discharge just given. But if it is disposed in the 
form of a funnel, or if it is simply concave towards tho interior of the vessel, then tho cap is smaller 
and the discharge greater, without, however, exactly following the ratio of the spherical surface. 
If, on the contrary, the side is convex, the product is less ; it will be smaller still in the cage 
represented. Fig. 4005. Finally, it would be 

a wowwiwm if the cap become an entire sphere ; <0l>6 ’ 

and tliis would happen if it were possible to 4006 * 

transport an orifice to tho middle ol the fluid | *~ _ — 

mass enclosed in tho vessel. WHHHIflBM 

That profound mathematician Borda sue- 'V-~ - — 

ceeded in almost entirely realizing this case. - — ~ — r _ ] _ . — 

Ho introduced into a vessel a tin tube [ — -Y " 

0" * 135 as 4 * 43 ft. long and 0“ * 032 = * 105 ft. j p g= 

diameter; and under a head of 0*820 ft. he “2 _t. _ I v 

caused the flowing to take place in such a 1 — * 4 Ml — 

manner that the effluent water in no way — \ / IB , 

touched the sides of the tubes, Fig. 4006; the - V |fl 

actual discharge was only 0*515 of tho then- H ^ <e S55555SS 1 

retical discharge, and several considerations t 

led Borda to admit that it might have been 1 

reduced to *50, 


Having afterwards surrounded the orifice of entrance of the tube with a largo border, thus 
putting it, although in tho middle of the fluid, into tho same circumstances ns when it is perfo- 
rated through a thin side of a vessel, the coefficient was raised to 0*025. He might have obtained 
the seme result by employing simply a tube with very thick sides. 

If the sides of tho tut>c had a sensible thickness, without being too considerable, 0*304 in. or 
even 0*788 in. for example, and were also cut quite square off at the extremity, so that the zone 
formed by the thickness should be plane, with sharp edges, the fluid winding round the exterior 
edge would enter the tube without touching the rest of the zone, Fig. 4000, « ; so that every part of 
the side inside of tho exterior surface would bo without effect, and tno flowing would take place os 
if that aurfaco alone existed. This therefore will be its diameter; tlmt is to say, the exterior 
diameter of the tube, which must be introduced into calculations relating to interior tubes. By 
taking tliis, Bidono found, by two experiments, that the action of the vein running in tho tube* 
without touching the interior, was very nearly half the section of tho tube, and that tho coefficient 
of contraction was nearly 0*50. 

Thus 0*50 and 1 will be the limits of the coefficients of contraction; limits which may bo 
approached very nearly, but never quite attained. For orifices in a piano side, they seldom 
descend below *G0 or nae abovo *70 ; and even in ordinary practice, they are confined between *00 
and *64 ; as a mean approximate term, 02 is usually taken, and wc have, 


In mitres, Q = 0 62 8 */ 2gH = 2 * 75 8 VH = 216 rfVH ; or. 
In feet, Q = 0*62 8 »/2gH = 4*974 8 */H ' = 3'90G6<P VH, 


d being tho diameter of a circular orifice. 

In the velocity with which water flows from orifices in a thin side, os we have admitted exactly 
that duo to the head of tho reservoir, is it g H ? We will examino it. 

Wc may ascertain the velocity with which water runs from an orifice, by the height to which a 
vertical jet, starting from that orifice, is thrown ; it is at least *j2g A, A being that height. Now, 
from what is known respecting spouting flvkU, A differs from H only 1, 2, 3, Ac., hundredths of tho 
square of its value, according as H is i“, 2 m . 3", Ac. : and tho velocities being as the square roots 
ot tho heights, the actual velocities will differ in tho same coses only 1, 2, 3, Ac., half-hundredths of 
the theoretic velocity. Another mode of determining the actual velocity indicates still less difference. 
Wo will present it before making an application of it. 
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When ft body la thrown in any direction A Y, Fig. 4007, with a certain velocity, by the com- 
bined influence of that velocity and of (gravity, it dcwcrilic-s a curve A M B. 

Oliver Byrne, the compiler uud editor of tin* Dictionary has, «°07. 

for the Brut time, in thin work, cleared up all the difficulty** con- 
nected with this curve AMD; hence it i** unnecessary to dwell 
U|M*n this matter here. In the prescut article wo confiuu ourselves 
to what concerns the fundamental principle which wo employ; 
nml treat of that jmntfxAa which coincides most nearly with the 
curve A M B, Fig. 4007. Bee I)ammik<>, p. 1120; and OrmiCRT. 

Let t» bo the velocity with which a l*ody is iiu|>olled along 
A Y, and t the time sjx-nt in arriving at N, in this direction, if 
the force of projection acted alone upon it ; the motion would 
then have been uniform, and wc should have hod AN = v t ; on 
the other hand, liftd the body been subjected to the action of 
gravity alone, it would have descended from A to P during the 

a 

same tiuio, so that wo should have had A P = — . Draw the 

parallelogram APMN; at the end of tho same time it 
described the arc AM; A P will be its abscissa, and M P, pi 

tj t* 

n ate. Call tho first of these lines x and the sftoond y, we shall have x = - — and y = vt; in 

this latter equation, taking tho value of f, and substituting it in the first, wo have x = or 

2 u* 

y* = - : or, billing A the height due to tho velocity c, and recollecting that ^ = A, y* = 4 Ax; 

tf 2y 

an equation of a parabola of which 4 A is tho parameter. Hence a heavy My, implied by any force 
of projection, describes a curve which resembles a parabola whose parameter, in the awe of a jet of water, 
may be taken t eithmU involving much error, equal to f oar times the height due to the velocity of projection. 

What wc have just said of a body iu general is applicable also to every' jet oif water issuing 
from an orifice. If this orifice is in a vertical side, tho axis of projection being horizontal, tbo 
ordinates will be horizontal; they will be the distances of 
the different points of the jet from tho vertical, lot down from 400rt * 

the centre of tho orifice : and if through any ]>oint c of that 
vertical, wo imagine a horizontal plane, tho distance C D, Fig. 

4U08, is called the reach of the jet on that plane. According 
to our theorem, the square of this range, or in general of a 
distance M P, divided by four times its corresponding per- 
pendicular A P, will give the height due to the velocity 

of exit ^A = ; and consequently we shall have for this 

velocity, e = V2y A = 2-215 in metres, or 4*0113 — infect 

J x n/x 

By following this mode of determination. Dossut, in two experiments, found 0*074 and 0*080 
for the ratio of the actual to the theoretic velocity. Michelotti having cause*! jets to issue from 
each of the three stories of tho tower of his hydraulic establishment through a vertical orifice 
0*880 ft. diameter, obtained the results giveu iu the following Table ; — 



Head. 

Jet. 

Velocity. 

Ratio. 

Aheclma. 

Rang*. 

Real. 

Theoretic. 

fr*I. 

fwt. 

fwt. 

feet. 

feet. 


7*513 

20*615 

•24-700 

21*819 

21*983 

*993 

12*804 

15*280 

27*724 

28*416 

28*807 

*988 

23 *590 

4*626 

20*506 

38*289 

38*978 

*983 


The difference between the two velocities increases with the head. It should be so, since tbo 
cause of this difference, tbo resistance of the air, increases us tho square of the velocity, and con- 
sequently nearly as the head. 

If tho water contained in tho reservoir, instead of being at rest, were animated with a velocity 
which carried it towards the orifice; for example, if the basin having a small section were fed by 
o course of water which came directly to tbo sido on which the orifice is open, tho fluid particles 
would go. out, not only in virtue of the pressure exerted by the fluid mass above, but also in virtue 
of the velocity which they had at the moment of entering the sphere of activity of the orifice ; wo 
should thus have to add to the hcsul measuring tho pressure, a new force, which will be the bead 
generating that velocity. Thus, if u represent that Velocity, we shall have 

Q = m S V 2 <j ^A -f = in S *J7. y A -f u*. 

Example . — There is a Iwsin 65*02 ft. long, 6*562 ft. broad, and 3*281 ft. depth of water; At 
one extremity is a dam of plank, with a rectangular opening 1*804 ft. wide by 1*181 ft. high; its 
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sill or lower edge is 2 -986 ft. below tho level at which the water la constantly kept In the basin ; 
it is supplied by a stream arriving at tho other extremity. What is the discharge? 

Wo lmvo 8 = 1*804 x 1*181 = 2*131 sq. ft.; A = 2*986 = 2 390 ; m, according to 

tho Table, p. 1893, supposed to be prolonged, will be about 0*600 ; as to «, it will be given by one of 
the menus to be indicated hereafter. In a great number of cases we can regard it as being the mean 
velocity of the water iu the basin, a velocity to be determined as follows : the discharge Q, taken 
at first by neglecting u will be O'COO x 2*131 V64‘3G4 x 2*396 = 15*87Kcub. ft. When the water 
mns in a canal, we have Q = 8 m; dividing then the value of Q found, by tho section (of the 
basin) 21 '53, we find u = '73748, the square of which is '54389. Putting this value into the general 
expression of the disci large, wo have O'COO x 2*131 VC4'3C4 x 2-396 + -M39 = 15'90C cub. ft. 
Joseph Dennett, the American translator of D’Aubuisson’s work on Hydraulics, observes, that 
here D’Aubuiason's book has an error in taking the section of the orifice, instead of the section of 
tho basin, and also another error in solving the example. What is horo given is supposed to bo 
whut D’Aubuisson intended. 

The difference between these two results may bo entirely neglected. Tho effect of tho 
velocity m has been almost nothing; in most cases it will l>o so. 

Very often the water at the exit of the orifices made in the Hide of a reservoir is taken and 
conducted by canals or channels, uncovered on tho upper port, tho bottom of which as well as tho 
sides agree with the lower edge and sides of the orifice, which are thus hi the plauesof the bottom 
and sides re sp ect i vely. MM. Poneelet and Lesbros determined, by a great number of experiments, 
the coefficient* of the discharge for such canal*, which they fitted to orifices on which they hod 
already made the fine observations whose results we have recorded ; the canals varied in form, 
inclination, and position. The last of these philosophers communicated to D’Aubuisson a part of 
the results given by a rectangular canal 3 m = 9*843 ft. long and 0*“2O = *656 ft. broad, like all 
its orifices. The reservoir in whose side the orifices were, was 3 - -68 = 12 074 ft. brood. Tho 
canal was first placed at on equal distance from tho two sides of the reservoir ami 0“-54 = 1'772 ft. 
above tho bottom; it was kept horizontal ; it is canal No. 1 of the following Table. We here give 
the coefficients m of tho formula m 8 */2 H, which MM. Poneelet and Lesbros obtained, and 
plncu them opposite those which they hod obtained previously with the same orifices, when tho 
water flowed freely into tho atmosphere. 


Height of ! 
Orifice. | 

II<ad on 
Orifice. 

Coefficient. 

i Height of 
j Orifice. 

Head on 
Orifice. 

Coefficient. 

Without 

Canal. 

With Canal i 

Without i 
Canal. 

With Canal 

No. t. 

No. a. 

| No. 1. i 

No. X 


feet. 1 

t 



feet. 

feet. 




* 6562 

4-2850 

0-004 

0*601 

o-coi 


! -1542 

0*017 

0-495 

0-493 


3*1235 

0-005 

0*602 

0-599 


1181 

0G12 1 

0-452 

0-443 


1*3124 

0-600 

0-. >91 

0-580 

•0084 

4-4261 

0*622 

0-622 



'7940 

0*596 

0*559 

0-552 1 


1*5289 

0*630 

0*629 



•4003 

0'572 

0-483 

0-482 


i * 6792 

0*634 

0-G32 


•3281 

4-4490 

0*643 

0*614 



-2658 

0*639 

0-633 



3*3940 

0 015 

0 614 



*2067 

0-610 

0-627 



1*5814 

0017 

0-i;i5 


S 

*1870 

0-640 

0-610 



*5282 

0-611 

0'590 



*1214 

0-639 

0-511 



*3740 

0*608 

0-562 


•0328 

! *4449 

0-620 

0*621 

0*660 


•2887 

0 602 

0*523 



3-2580 

0-627 

0*631 

0*665 


• 1909 

0-590 

0-459 



1*6307 

0-643 

0-648 , 

0-671 

1640 

4*7935 

0*621 

0*624 

0-627 


*6398 

0 • 655 

0*665 



3*5468 

0*627 

0-626 

0 628 


•4167 

0*664 

0-669 



1*6350 

0*681 

0*625 

0-624 


•2494 

0-671 

0-671 

0-680 


'0956 

0*634 

0 031 

0-615 


*1378 

0-684 

0*640 



*3478 

0-629 

0-614 

0-597 







By comparing tho coefficients of the third and fourth columns, allowing for the inevitablo 
errors in observation, and excepting the orifice of 0*828 ft., we see that so long as tho head* taken 
above the centre of the orifice were from 2 to 2J times greater than the height of that orifice, tho 
canal had no marked difference in the discharge; tho discharge was tho samo as if no canal 
were there. But in small heads, the discharge diminished perceptibly, and as much more so as 
the head was less ; tho diminution has reached a quarter, ana even more. 

This difference in great and small heads appears to proceed from the fact that, with the former, 
tho fluid, rushing forth as into tho air, is not influenced by the resistance of the sides. The 
canal, Bays Lesbros, has no influence, except when the head is not great enough to detach tho 
fluid let at its exit from tho orifice entirely from the bottom (and sides) of this canal. 

The Himc canal was then placed, as is often dono in practice, in such a manner that its floor 
was at the level of tho bottom of the reservoir, and was, in fact, a prolonging of it. It was natural 
to suppose that the contraction being then suppressed on tho lower edgo of the orifice, the 
coefficient of discharge would be greater; but generally, and tho orifleo of *0328 ft. still excepted, 
it was less, particularly with small heads, as was seen in the above Table, where the canul, in its 
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new position, Is designated by No. 2. Other circumstances, perhaps the resistance of tho bottom of 
the reservoir, which may have diminished the velocity of arrival, perhaps the less facility which 
the II u id sheet hail in raising itself above the sill at the entrance of the canal, will have more than 
compensated for the diminution in the contraction. 

In withdrawing tho canal from the middle of tho reservoir, and placing it nearer one of tho 
sides, this diminution t«»ok place in part, aud a small increase in the discharge was obtained. 
The canal was then inclined, leaving it in other resjwcta in the position it last had. When tho 
inclination was nr 34', the coefficients were sensibly the same ns when the canal was hori- 
zontal. But when the inclination waa carried or 5 s 44', the coefficients were increased from 
3 to 4 per cent., as seen in the following Table ; — 


neigh! at 
Ori&ce. 

Head on Orifice. 

| Coefficients, with the Canal 

Horizontal, 

Inclined. 

feet. 

fret 



•014.7 

1-1188 

•GOO 

•691 

•0666 

11123 

* 654 

•681 

*1555 

•6890 

•GIG 

•639 

•1775 

‘0080 

*612 

•636 


Cylindrical Ajutages . — Cylindrical ajutages, called also additional tube as we have seen, give a 
more considerable discharge than orifices in a thin side, tho head and area of the ojwning remaining 
the same. But in order to produce this effect, it is necessary that tho water entirely fill the mouth 
of tho passage; it is commonly so, when the length of the tube is tw*o or three times its diameter. 
If it is less, it often happens that the fluid vein, which is contracted at the entrance of the tube, 
does not again increase and fill the interior; the flowing then takes place in all respects as through 
a thin side ; this i« always tho case when tho length of the tube is less than that of the contracted 
vein, and consequently is only half, or less than half the diameter. 

The coefficient of reduction from the theoretic to tho actual discharge, through an additional 
tube, presents a few variations, as may bo seen in the following Table ; — 




Tube. 

Head. 

Coefficient. 



Dtameter. 

length. 

Cnstel . . 


r«t. 

•0509 

feet. 

•1312 

fret. 

* G562 

•827 

w 


•0509 

•1312 

1-5749 

*829 



•0509 

•1312 

3 2478 

*829 



0509 

•1312 

6-5620 

•829 



•0509 

•1312 

9 9414 

*830 

Bossut .. 


■0755 

•1772 

2*1326 

•788 

n 


*0755 

•1772 

4-0684 

*787 

Kvtelwein 


•0653 

•2559 

2*3623 

*821 

Bossut . . 


*0886 

•0341 

12*6318 

•804 

,, 


•0S86 

*1772 

12-6975 

•804 

Venturi . . 


•0886 

•8543 

12-8615 

•804 


•1345 

*4200 

2-8873 

•822 

Michclotti „ 


* 2058 

*7087 

7-1520 

•815 



*2658 

*7087 

12-4678 

•803 

»i •* 


*2658 

*7087 

220155 

•803 


Tho mean of tho coeflb 


0‘817; *82 is generally taken, and we havo 


ents, abstracting tho first two of Bossut, manifestly anomalous, is 


Q= •82SV04-364H = 6-S786S^'H = 5I668<PVH. 


Since tho jet in a full tube runs out in lines parallel to the axis of the orifice, and consequently 
its section is equal to that of tho orifice, the diminution of tho discharge cau arise only from *ci 
diminution in the velocity; aud tho ratio of the actual to the theoretic discharge will also bo that 
of the actual to tho theoretic velocity, as is seen by the following results of three experiments 
cited in tho abovo Tablo ; one of Venturi aud two of M. Caste! ; — 


Jet. 

Velocity. 

Coefficient 

Atudm. 

Ordlntta. 

RmL 

Theoretic. 

Of Velocity, i 

Of Discharge. 

tret. 

feet. 

fort. 

feet. 



4-796 

6 128 

11-204 

13*028 

•824 

•822 

1*791 

2-208 

6-6175 

7*959 

•832 

•827 

3*7402 

5-803 

12*037 

14-481 

*832 

•829 


\ 
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Thus wo may admit thnt the velocity of a jot, at its passage from a cylindrical tube, is only 
0*82 of that due to the height of the reservoir; and the height due to the velocity of the jet will 
be only *G7 ( = *82 ? ) of that due to the height of the reservoir, since tho heights or heads nro 
suppoeed to be os the squares of tho velocities. 

In the hypothesis of the |iarnllelism of the sections, tho principle of the vis rim: that tho 
quality of action developed bv tho motive force, during a certain time, is equal to half the increase 
or diminution of the vis rim during that time— this principle gives for the velocity r of the water 
passing fmm a short prismatic tube, of which S is the section, and which is terminated by un 
orifice whose section « is smaller than tho preceding, m and m' being the coefficient of coutractiou 
for these sections respectively 



and for tho case of our additional tubes entirely open at their extremity, and consequently 
where s — 8 and in’ = 1, 


/ 2 g H 



If it bo admitted thnt the contraction at the entrance of the tube is the same as in the orifices in a 
thin side, that is to say, if we make m = *62, we have c = 0*855 *J 2 </ H and Q = *855 8 *J 2 <j H ; 
with m = *65, it would be Q =r *0885 8 V 2 g H. 

Tho llu id vein, after its contraction at the entrance of tho additional tul»e, tends to take and 
preserve a cylindrical form, whoso section would be that of the contracted vein ; and consequently 
it tends to pass out without touching the sides of tho tube; but some lines of water are carried 
towards the sides, either by a divergent direction, by an attractive action, or by the two causes 
united. As soon as they arrive in contact, they are strongly retained by tho molecular attraction, 
that which produces the ascension of water in capillary tubes; by an effect of this same force they 
draw the neighbouring lines, and by degrees the whole vein, which then rushes out, filling tho 
tube, and passes tlirough the contracted section more rapidly. 8ucl» appears to bo tho physical 
cause of the increase of discharge duo to tubes. 

The immediate cause is tho contact ; and all the circumstances which cause the contact, or 
which favour it, will produoo that increase. 

Among these circumstances we will notice; — 

1st. Tho length of the tube ; tho longer it is, the more chances it will present for contact ; there 
will bo no contact when the length is less than that of the contracted vein. 

2nd. A small velocity ; tho fluid lines will then lx> leas forcibly retained in the direction of the 
primitive motion; they will deviate and approach the sides with more facility. M. Hochctte, in 
his experiments mode’ on this subject, succeeded, by augmenting the head and consequently tho 
velocity, in detaching a vein from tho aide it was following. On the contrary, by diminishing 
tho head, allowing it, however, a head of 0*9843 ft, he succeeded in making the tube more full, 
the length of which was 0*01968 ft., and its diameter 0*03117 ft. 

3rd. The affinity of the material of tho tube, or rather its disposition to be more readily 
moistened. Thus, by rubbing tallow or wax on the aides, the water w ill not follow them as it did 
before. Hochctte, by covering an iron tube with an amalgam of tin, caused mercury to run out 
with a full tube, which did not take place lwforo the coating. The interposition of air. or its 
arrival in a tube, is sufficient to detach the fluid vein from it. Venturi, after having fitted to a 
vessel full of water, a tube of 0®*040G = *1332 ft. diameter and 0“ * 095 = *3117 ft. length, per- 
forated near tho middle and quite round its perimeter, with a dozen small holes ; when the flowing 
took place, not a drop of water passed through these holes, nor did the water touch the sides. Tho 
holes were then successively stopped, and the same results continued ; but when all were closed, 
tho vein filled tho tube, and tho discharge was increased in tho ratio of 31 to 41. M. Hochctte, on 
repeating the experiments and closing the holes with caution, saw the vein continue to pass out 
without touching the aide; but a slight agitation was then enough to produce contact, and to 
produce a flow with the full tube. 

It is more than a century since Poleni mado known tho singular effects of cylindrical tubes, 
and tho investigation of the ennso lias been a serious study with philosophers. 

It was generally said, since the convergence in the direction of the fluid lines, on their arrival 
nt tho orifice, produces a contraction in the fluid vein, there will 
also be a contraction at the entranco of tho tube ; but in couse- 
quence of the attractive action of tho sides, tho contraction will be 
less, and the discharge will consequently be greater. Tho cxjieri- 
ments of Venturi do not allow us to admit of such a cause pro- 
ducing a less contraction. 

That ingenious philosopher opened, in a thin side or a reser- 
voir, an orifice, whose diameter AO, Fig. 4009, was 0"*0406 = 

* 1332 ft.; and under a head of 0™ * 88 = 2 * 8873 ft., ho obtained 
0 m»m .]37 _ 4 .g 3 g.j cu jj ft 0 f wa k. r j n 4|'\ To this orifice ho 
then fitted the tube A BCD, having nearly the form of tho con- 
tracted vein (be had C D = O'" *0327 = • 1073 ft., and A C = 0"* 025 = *082 ft.); under the same 
n-ad he oLtaiued the same volume of water in 42". To the first tube ho fitted the tube CDUtiC, 
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in which GH = F,F = AD, and the duration of the flowing, nil else being equal, was only 31". 
Lastly, Fig. 4010, for nil this apparatus he substituted the simple cylindrical tube A HUG of 
the same length, and also of the diameter * 1332 ft., and the flowiug 
of 4 '8884 cub. ft. again took place in HI". 

Thus, in this simple tube, in which everything went on as in tlio 
compound tube, there wns or thcro may have been an equal con- 
traction; and the contraction which necessarily took place in tho 
latter at C D is very nearly equal to that of orifices in a thin side. 

The effect of the cylindrical tul>c, therefore, was not to lessen the 
contraction, but to pass the fluid through the contracted section C 1>, 
with a velocity increased in tho ratio of 31 to 41. Hence alouo 
the increase of discharge. 

Venturi attributed it to an excess in tho pressure of the atmo- 
sphere on tho fluid surface contained in the reservoir, an excess pro- 
ceeding from a vacuum tending tonrise in tho part of tho tube where 
tho greatest contraction took place. He sought to prove this opinion 
by several examples, very interesting on other accounts, but no has 
sometimes generalized the results too much. For example, because in one of them the water ceased 
to flow with full tub© under tho receiver of an air-pump, ho concluded that the phenomena of 
additional tubes did not take place in the vacuum, ami yet llnchette is certain of having pro- 
duced them there. This single fact would overtlirow an hypothesis, against which other peremp- 
tory objections are also raised. 

Among tho experiments of Venturi is one which presents, in a distinct manner, a very remark- 
able fact, which uernoulli had already made known. To a cylindrical tube 0°** 040*1 = *1332 ft. 
diameter and 0 m *122 = '4003ft. long; at B 0—018 = '0591 ft. from its origiu, he fitted a curved 
tube of glass, the other extremity of which waa plunged into a vessel M, containing coloured 
water; the flowing was caused by a head of 0—88 = 2 '8873 ft. ; and the water was raised in tho 
tube 0—65 = 2-1326 ft. 

In the hypothesis of Venturi, this elevation, joined to tho head, would be the height due to tho 
velocity through the contracted section, as the head alone is the height due when there is no addi- 
tional tube; if it were so, tho ratio of tho velocities must be as /J 2 '8873; */ 2*8873 -f 2*1320, or 
as 31 to 40-0, and experiment has actually given a similar result (31 to 41). But from this fact, 
peculiar perhaps to tho case taken for example, a general principle ought not to be deduced. 
Moreover, tho true cause of the ascension of the coloured water in the tul>c was indicated more than 
a hundred years ago by Daniel Bernoulli. That celebrated geometrician, author of the chief j«rt 
of the theoretical principles of tho flowing of water, established the law, that the pressure which a 
fluid exerts against the Bides of a tube in which it moves, is equal to the head minus the height 
due to the velocity of tho motion. It is necessary to remark that in speaking of absolute pressure 
the weight of the atmosphere should he added to tho head properly so called ; thus, if K represents 
that weight, that is to say, a column of water equal in weight to that of the column of the 
barometer, 11 tho head and r the velocity of the fluid at a determined poiut of tho tube, 
K 4- H — *01553 p* will be tho interior pressure at that point. For the exterior pressure we havo 
K, as on all tho other points. In one example, at tho place of greatest contraction, where 
v = »J 2 g II and H = 2 * 887 ft., the interior pressure is K +2*887 — 5*050 = K —2*163 in feet, 
it is less by 2*163 ft. than tho oxterior pressure; tbo exterior pressure will therefore prevail, and 
will cause tho water to ascend 2* 163 ft., and, in general, a quantity equal to its excess over tho 
otfcer. 

By neglecting K, which is found both in the value of the interior and exterior pressures, tho 
interior pressure on the same point compared to the other is H — *01553 e*; it will be negative 
whenever the height due to tho velocity is greater than the head. 

Venturi haring placed the same tube 0**054 = *177 ft. from the reservoir, the coloured water 
was not raised; the height due, 0 m *5JH or 0*051 p* — 0 051 (0*82)*^H in metres, nr *01553 u 3 
— 01553 (0*82)*//H in feet, was then smaller than the head 2 *8873 ft. ; the interior pressure waa 
positive, and consequently there wns no ascension. Bennett, tho translator of IXAubulsson, 
remarks ; — Should tho reader find difficulty as to the formation of this formula, it will vanish in 
remembering that the velocity from cylindrical pipes is but l P utl of that due to tho height of reservoir 

c t 

(or o = *82 iJ'ltj H), and by substituting this value in the equation H = — • 

Conical Ctmrerging Tuba, — Conical tubes, properly so called — that is to say, those which slightly 
converge towards the exterior of the reservoir — increase the discharge still more than the preceding ; 
they afford very regular jets, and throw them to a greater distance or height. They are also 
almost exclusively employed in practice. However, their effects as to the discharge and velocity 
of projection are much more varied ; they change with the angle of convergence, that is, with tho 
angle which the opjwsite Hides of the truncated oonc constituting the tube, form by their extension. 

They are, however, the tubes on which wo have the fewest documents. In reference to them, 
D’Aubuisson knew of only four experiments of Poleni, published at Florence in 1718, and which 
Bossut gives in his Hydrodynamique ; notwithstanding the merit of their author, and although 
made on a great Beale, D’Aubuisaon had very strong reasons for doubting their accuracy. JStruck 
bv the gap which hydraulics presents in this important part, he projected a series of experiments 
suitable to fill it. 

There are or there may be two contractions of tho fluid vein, in running through conical tubes; 
one interior, or at the entrance of the tube, which diminishes the velocity produced by the head ; 
the other exterior, or at the exit, by which the section of the vein a little below tho exterior mouth 
of the orifice is Bmaller than the mouth itself. Consequently, if » is the section of the orifice, and 
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T the velocity dnc to the head, tho real discharge will bo n# x n'V = n n'SV: n and n' being 
two coefficients to bo found by experiment ; « is the ratio of tho fluid section to the section of the 
orifice, or the coefficient of the exterior contraction ; »' is the ratio of the actual to the theoretic 
velocity, or the coefficient of the velocity ; aud n n ia the ratio of the actual to the theoretic discharge, 
or the coefficient of discharge. 

The knowledge of the two latter, for tho different cases which may present themselves, is 
sometimes useful in practice, as we shall see in treating of jets of \ cater ; it is this utility, or rather 
necessity, of having their vnlue, that is, of knowing tho discharge and force of projection of 
different tubes, which has induced tho experimenter to make researches on this subject. 

To detenniuo properly the different coefficients in question, and above all, to fix the angle of 
convergence giving the greatest discharge, D’Aubuisson thought it necessary to subject many scries 
of tubes to experiment ; in each, the diameter of the orifice of exit and tho length of the tube 
remaining constantly the same ; but the diameter of the entrance, and consequently the angle of 
convergence, was gradually increased. Tho water flowed through each under different heads. At 
each experiment tho actual dischargo was determined by direct measurement, and the velocity of 
exit by the mode indicated above; the discharge, divided by S V, would give n a', and the velocity 
divided by v (v = tj'l g H), would give The series of n n would show the discharge corre- 
sponding hi each angle of Convergence, and consequently the angle of greatest discharge; and 
the series of n' would indicate the progression according to which the velocity increased. 

Tho water-works of Toulouse offered all the desirable facilities for executing such a plan. 
M. Caste!, the hydraulic engineer of that city, was pleased, on tho invitation of the Academy of 
Sciences, to undertake the execution. 

In 1831, with a very small apparatus, and under small heads, Castel had made a series of 
experiments, the details and results of which were published in tho Annalcs dea Mines of 1833. 
In 1837 he resumed and considerably extended his works. 

This apjtfiratus consisted principally of a rectangular east-iron box 0“' *41 = 1*345 ft. long, 
1*345 ft. wide, and 0**8fi = 2*60 ft. high; it received nt its lower part, and by means of a great 
tube, the water coming from a reservoir established more than 23*523 ft. above it and kept 
constantly full; on the front face of the box is a rectangular opening, *459 ft. high by *328 ft. 
wido; it was closed by a well-finished copper plate, to which were fitted additional tubes, in such a 
manner that their axes were horizontal. When tho box was opened at top, the fluid surface could 
riso there to about *689 ft. above that axis. Tho upper opening ia commonly surmounted with 
short tubes of *056 ft. diameter, the first of which is *984 ft. high, and tho rest 1*04 ft. high, so 
that heads of about ’656 ft., 1*84 ft., 3*281 ft., 4*921 ft., 6*562 ft., kc^ above the tube subjected 
to experiment, could be obtained. 

By means of two cocks placed, one at the entrance of tho water into tho box, and the other on 
the upper part of the tu!x*w which surmount it, a perfectly constant level was obtained. 

The tubes which M. Castel used were of brass, as well turned and polished as possible. He 
had two aeries of them; in one, tho diameter of tho exit was *05088 ft. and tho length about 
•1312 ft. ; in the other, the diameter was ‘06568 ft. and the length *184 ft. 

The two diameters of each were measured and re-measured with much care, but tho want of on 
instrument proper to operate accurately with such measures, did not permit of a measurement 
nearer than 0" * 00005 = 0 * 002 in. (y^ g ), and such an error might give an error of half a hundredth 
in the discharges and coefficients. 

M. Castel rarely had them so large. lie operated under hcAds of *0582 ft., 1*64 ft., 3*281 ft., 
4*921 ft., 0*582 ft., and about 9*843 ft.; he measured them with very great exactness. He then 
gives, as very exact, tho volumes of water obtained in a certain timo. 

To determine the .velocities with which the water passed from tho tubes, he erected, 3‘7-f ft. 
l>elow their axis, a horizontal flooring, in the middle of which was a longitudinal groove *328 ft. 
broad, into which the jet passed ; its range was measured by means of a graduated nde fixed on 
the flooring and quite near. This range was tho ordinate of tho curve described by the jet ; 
*374 ft. was its abscissa, and from these two ordinates was deduced tho velocity of projection. 
Finally, these velocities could only betaken for heads of 8*582 ft. and less; beyond that the, jets 
were broken, and passed beyond the plane where they could Ihj measured. 

Tho same tube, under heads which varied from 0*889 ft. to 9*941 ft., gave discharges always 
pro}x>rtional to */H, and consequently the coefficients were sensibly tho same. Perhaps they 
experienced a very slight increase under tho head of 9*941 ft. Wo here give those which were 
obtain* d with the pipe of each of the two series which furnished the greatest dischargo. 


Tube uf *060*5 foot diameter. 

Tube Ht *0666 foot diameter. 

Head in feet. 

Coefficient 

Head in feet. 

Coefficient 

Of Discharge. 

Of Velocity. 

Of Discharge. 

Of Velocity. 

*7054 

•948 

•963 

•6923 

*956 

•966 

1*5847 

*948 

•966 

1*5847 

•957 

•968 

3*2547 

•948 

•983 


•955 

•965 

4-8952 

*947 

*9G8 

4*9149 

•956 

•962 

0*5817 

•946 

•958 

6*5782 

• 956 

•959 

9*9414 

•947 


9*9414 

*957 

•• 


w ^ *h© coefficients of the velocity, it secrued that they would have been sensibly constant, 
1 not for the resistance of the atmosphere. But this resistance diminishing the range of tho 
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jet, and aa mnch more so as the haul was greater, there must bo in the calculated coefficients a 
diminution varying with the he ml, although in reality there was none in the velocity with which 
the fluid passed nut or tended to pass out. We will now compare together the coefficients, both 
those of the discharge and of the velocity, obtained with the different tubes of the name aeries; 
tul>es which, in other respects, differed only in the angle of convergence ; for each of them the 
mean term was taken lx?tween the six or five coefficients which were given under the aix or five 
heads nearly equal to those which ore noted in the preceding Table. 


Ajutage *060SS foot to diameter. 

Ajutage ’06&6 foot In diameter. 

Angle of 
Convergence. 

Coefficient of 

Angle of 
Convergence. | 

Coefficient of 

Discharge. | 

Velocity. 

Dbcharge. | 

Velocity. 

o 




0 

» 



0 

0 

0*829 

0*830 





1 

Sli 

0*866 

0*866 





3 

10 

0*895 

0*894 

2 

50 

0*914 

0*906 

4 

10 

0*912 

0*910 





5 

26 

0*924 

0-920 

5 

26 

0*930 

0*928 

7 

52 

0*929 

0*931 

G 

54 

0*938 

0*938 

K 

58 

0*934 

0*942 





10 

20 

0*938 

0*950 

10 

30 

0*945 

0*953 

12 

4 

1 0*942 

0 955 

12 

in 

0*949 

0*957 

13 

24 

0-1U6 

0*962 

13 

10 

0*956 

0*964 

14 

28 

0*941 

0*966 

15 

2 

0*949 

0-967 

16 

36 

O' 938 

0*971 





19 

28 

0*924 

0*970 

19 

10 

0*939 

0*970 

21 

0 

0*918 

0*971 





23 

0 

0*913 

0*974 

23 

4 

0*930 

0*973 

29 

58 

0*896 

0*975 

33 

52 

0*920 

0*979 

40 

20 

0*896 

0*980 





48 

50 

0*847 

0*984 






It follows, from the facta act down in these columns; — That for the same orifice of exit, and 
under the same head, starting from 0*83 of the theoretic discharge, the actual discharge gradually 
increases, in proportion as the angle of convergence increases up to 13 j only, where the coefficient 
is 0*95. Beyond this angle it diminishes, feebly at first, aa do all variables about the maximum ; 
at 2 (F the coefficient is again from O' 92 to 0*9*3. But afterwards the diminution becomes more 
and more rapid; and the coefficient would end by being only-0‘65, the coefficient of small orifices 
in a thin suit*, these orifices being the extreme term of converging tubes, that in which the angle 
of convergence has attained its greatest value, ISO'*. The angle of greatest discharge will then bo 
from 18° to 14°. 

What can be the reason of this ? In th« conical tubes the theoretic discharge is altered by two 
causes, the attraction of the sides, which tends to augment it, and the contraction, which fi nds to 
diminish it, by diminishing the section of the vein a little below the exit From the experiments 
of Venturi it would seem that the fluid vein, at its entrance into a tula'., preserved its natural form, 
that of a conoid of 18° to 2Q P ; so that the nearer the angle of the tube approached such a value, 
the nearer its Bides will be to the vein, at the moment when, after having experienced its greatest 
contraction, it tends to dilate, and when it is, as it were, left to their attractive action ; this action 
then being stronger, the discharge will be greater. But on the other hand, already At KT of 
convergence, the exterior contraction begins to bo sensible and to reduce the discharge; it has 
reduced it 5 per cent, at 18°; and after that, it will not bo extraord inary that the angle of greatest 
discharge is found between these two values, about 14P. 

The tubes of 0G56 ft. diameter at the exit, gave coefficients from one to two hundredths greater 
than those of the tubes of *0509 ft. An error of 0 004 in. in the estimate of the diameter of tho 
first aet, would afford reason, to a great extent, for that difference; and tho experimenter was 
inclined to admit a cause of that kind. The tubes of *0509 ft., examined several times, inspired 
him with more confidence. 

In following the coefficients of the velocity they are seen, again starting from tho angle 0°, to 
increase like those of tho discharge np to mar the convergence of 10°; then they increase more 
rapidly; and beyond the angle of the greatest discharge, while the others diminish, these oontinuo 
to increase and approach their limit. 1 ; they are quite near it at the angle of 50°, and o\*en at 40°. 
The conical tubes, by their different convergence, form a progression of which the first terra is tho 
cylindrical tube, and the last is the orifice in a thin side ; their velocity of projection, increasing 
with the convergence, will therefore vary from that of the additional tube to that of tho simple 
orifice, that is to say, from 0*82 J2gtl to V2yH. 

In comparing the coefficients of the discharge with those of the velocity, or their successive 
values n n and n', and dividing tho first by tho second, we shall have the series of n, or tho 
coefficients of the exterior contraction. Freni the angle 0° to that of 10°, we have sensibly n = 1, 
and consequently there is no contraction ; notwithstanding the convergence of the sides, the fluid 
particles pass out very nearly parallel to the axis. But beyond HP, contraction is manifested ; it 
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minces tho section of tho vein more and more, and it would end by rendering it equal to that 
which passes from orifices in a thin side, ns is seen in this Table; — 


AorIp. 

«. 

Angle. 

n. 

o 


o 


8 

1 00 

40 

0*88 

15 

0*98 

50 - 

0*H5 

20 

0*95 

100 

0*65 

30 

0*92 




Experience having taught that cylindrical tubes certainly produce all their effect, as to the 
discharge, when their length equal* at least 2} times their diameter; by aualogy, and for the sake 
of not complicating our results with the action of tho friction of the water against tho aides, the 
experimenter fixed the length of conical tubes at about 21 times the diameter of exit; thus it wbs 
*1312 ft. for those of ‘0509 ft. diAtneter, and * 164 ft. for those of *0656 ft. diameter. However, to 
Ik* able to determine tho effect of their length, he proposed for the tubes of *0509 ft. diameter, 
two other series; in one, tho common length would navfe been *0984 ft., which may Ik* regarded 
as the minimum; for the other, it would have been *3281 ft., a dimension quite common in 
practice. 

But this work is yet to bo done ; still, M. Castel has mndo some primary trials. For the tubes 
of *0509 ft. diameter, he took five *1148 ft long, and, taken together, they gavo na tho coefficient 
of discharge, 0*938; next, with a length of *1312 ft., ho had as coefficient, 0*930; another tube, 
*0984 ft. long, gave 0*941 Instead of 0*938; ami one of *0787 ft. indicated 0*931 instead of 0*926; 
so that here the diminution of length would have a little increased the diacharge. But with the 
tulies of *0650 ft. diameter the discharge, on tho contrary, was increased with the length ; 
the length passing from * 1640 ft. to 0*3281 ft., the coefficient under the angle of 11° 52' was 0*965 ; 
under that of 14° 12', 0*958; and under HP 34', 0*950. Thus the effect of the length of tubes is 
far from being established ; its determination demands other series of experiments. 

While waiting for more extensive experiments wo will assume, for each of the tubes to bo 
employed, provided extraordinary lengths are not taken, the coefficient in tho above Tables oorre- 
sjionding to the angle of convergence, without fear of introducing any error of moment. 

As to very groat conical tabes, or rather to pyramidal troughs, which in mills throw tho water 
on to hydraulic wheels, we have three valuable cxjierimcnts made by the engineer Lespinasse, on 
the mills of the canal of Languedoc. The trouglis there are truncated rectangular pyramids, 
having a length of 9*5904 ft.; at tho greater base, 2*3984 ft. by 3*199 ft: at tho lesser hose, 
*4429 ft. by *6234 ft. Tho opposite faces mako angles of 11° 38' and 15° 18*. Tho head was 
9*5901 ft. 

The first two of the three experiments, tho results of which Are hero given, were made on a 
mill of two stones, each having its wheel ; in the first experiment the 
water was let on to only a single wheel ; in tho second it was let on to 
two at a time. 

We see how little Bueh tubes diminish the discharge: tho dis- 
charge given is only one or two hundredths less than tho theoretic 
discharge. 

Conical Diverging TV***. — Of all tubes, those which give the greatest 
discharge arc truncated cones, fitted to a reservoir by their smaller base, 
and of which the opening for exit is consequently greater than that of 
entrance. Although very little used, they present phenomena of too 
much interest to be passed by. 

Their property of increasing the discharge was known to the ancient Romans ; some of tho 
citizens, to whom was granted a certain quantity of water from the public reservoirs, found by the 
employment of these tubes, means of increasing the product of their grant ; and the fraud became 
such, that a law prohibited their use; at least, they could not ho placed within 52} ft. from the 
reservoir. 

Bernoulli hod studied and subjected to calculation their effects; in one of his experiments 
he fonnd the real velocity at the entrance of the tube greater than the theoretic velocity, in 
the ratio of 100 to 108; but to Venturi is principally dnu our knowledge of tho products they 
can give. 

The tubes which be used had a mouth-piece A B CD, Fig. 4011, presenting nearly the form of 
the contracted vein ; A B = * 1332 ft., and C D 
= * 1 109 ft. : the body of the tube C I) F E varied 
in length and flare, the flare being measured by 
the angle comprised between tho sides EC and 
F D sufficiently prolonged. These tubes were 
fitted to a reservoir kept constantly full of water; 
the flowing took place under a constant head of 
2*8873 ft., and the time necessary to fill a vessel of 
4*8384 cub. ft. was counted as in the experiments 
of tho same author which we have already men- 
tioned. 

D'Auhuisson gives, in the following Table, the result of the principal observations, after having 
remarked that the timo corresponding to the theoretic velocity was 25” *49. 



IHsch&rge. , 

Coefficient. 

cubic Cm. 

6*7667 

6*6926 

6*7138 

0*987 

0*976 

0*979 
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Ajutage. 

Time of 

i Coefficient. 

Observations. 

FUrr. 

Length. I 

Running. 

o » 
8 30 

fort. 

*3642 

27"5 

0*93 


4 38 

1*0959 

21 

1*21 

Jot very irregular. 

4 38 

1*5093 

21 

1*21 

Jet did not flil the ajutage. 

4 38 

1*5093 

19 

1*34 

To fill ajutage a projecting l>ody introduced. 

5 44 

*5775 

25 

1*02 

5 44 

•1936 

31 

0*82 

Exit mouth = that of entrance. 

10 16 

•8662 

28 

0*91 

Jet did not fill ajutage. 

10 16 

•1476 

28 i 

0-91 

Jet very regular. 

H 14 

•1476 

42 

1 

0*61 

Jet detached from aides. 


Venturi concluded from his experiment*, that the tube of the greatest discharge ought to havo 
a length nine times the diameter of the smaller base, and a flare of 5° 6'; Fig. 401 1 represents it; 
it would give, adds the author, a discharge 2*4 times greater than the orifice in a thin side, and 
1*40 times greater than the theoretic discharge. Moreover, he observes, that the dimensions of 
the tube should vary with the head. 

To one of the aDovo-racntionod tubes, that which gave 4*8384 cub. ft. in 25", ho fitted throo 
tubes, and plunged them into a small bucket filled with mercury; the first at the origin D, 
Fig. 4012, of the tube; the second at one-third of its length, aud the third at two- thirds. The 
mercury was raised res|>ectively *3937 ft., '1509 ft., and '0518 ft.; this 
would be equivalent to columns of water 5*348 fL, 2-007 ft., aud 
*7054ft. According to tho theory of Bernoulli, the pressure at the 
point of greatest contraction D. where tho velocity isf$ /J ig x 2-8873 
ought to have been 2 8873 - 2 8873 (|J)* = -5' 2018 ft.; tho expe- 
riment of Venturi gave — 5*348 ft. 

Eytelwoin also used diverging tubes in experiments, tho results of 
which are directly interesting in practice. He took a series of cylin- 
drical tubes *0853 ft. diameter, and of different lengths, which he 
successively fitted to a vessel full of water; at first separate; then 
applying to the front extremity the mouth-piece M, which had nearly 
the form of the contracted vein : then applying to tho other oxtrerndy 
the tnbo M, Fig. 4013, of tho form recommended by Venturi; lastly, 
applying at the same time the mouth-piece aud the tube. 

The flowing took place under a mean head of 2*3042 ft. 

The principal results obtained are given in the following 
Table. 

Hero the head was not constant. At each experiment 
the vessel was filled up to 3*0841 ft. above the orifice, and 
the fluid was suffered to fall until the surface was only 
1 7389 ft. above the orifice ; tho constant head, which would 
have given the same discharge in the same time, would 
have been 2*3042 ft. Let, generally, H' be that constant head 

/ II — A V 

commencement of tho flowing, and A that at the end, we shall have H' = ( — —r~ — - | • 

V2(a/H -Shy 

The occasion to make uso of this formula will be presented quite often in practice. 




13 the head of the reservoir at the 


Length of Tube. 

Coefficient of discharge of the 
tube, only according to 

Discharge of the tube alone 1 

being 1, IMhcharge | 

Experiment. 

Formula of 
Conduits. 

With Mouth- 
piece. 

With Ajutage. 

fr*. 





•0033 

0C2 

0-99 



*0853 

0*62 

0-97 

1-56 


•2559 

0 82 

0-95 

1*15 

1-33 

1*0302 

0-77 

O' 83 

113 

1*27 

2-0605 

0-73 

0 77 

110 

1*24 

3 0907 

0-68 

0-70 

1-09 

1-23 

41176 

0 63 

0-65 

109 

1-21 

51479 

0-60 

0-61 

108 

1-17 1 


Those experiments show ; 

1st. The rate according to which tho length of the tubeif diminishes the discharge ; and this, 
up to a point where the formula for the motion of water in conduit pipes may bo applied. The 
numbers of the third column indicate that this application can take place for small tubes, thoao 
under *0984 ft. diameter, when their length exceeds 6 '562 ft. These experiments thus in part fill 
up tho void which existed in our knowledge of additional tubes and conduit pipes. 


Digitized by Google 


1906 


HYDRAULICS. 


2nd. That the increase of the discharge proceeding from the flare given to the mouth of entrance 
of pipes, diminishes in proportion ns their length is greater. It were desirable that these experi- 
ments had been carried further, for the purpose of knowing what would have been the result of 
this diminution in large conduits ; until this is done, and however small may bo the good effect 
of the flaring at the entrance, it is proper not to neglect it. 

3rd. The effect of the flaring at toe exit also diminishes in a ratio more rapid still, in propor- 
tion os the pipes increase in length. Eytelwein having taken one 20*6 ft. long and of *0853 ft. 
diameter throughout, found no difference in the discharge, whether ho did or did not use the tube 
with flaring end. 

On fitting this tul>e immediately to the reservoir, the discharge was 1-18, the theoretic dis- 
charge being 1. On fitting it to the mouth-piece, but without the intermediate tube, it rose up to 
1*55. Tho mouth-pieco alone gave only 0*92; so that the effect of the tube N added to the 
mouth-piece M, was to augment tho discharge in tho ratio of 0*92 to 1-55, or of 1 to 1 -69. 

Venturi had that of 19" to 42", or 1 to 2*21. In the two experiments which furnished tho 
terms of this last ratio, tho velocities of the water at tho passage through tho section C D, Fig. 4011, 
were therefore as 1 to 2 21 ; and consequently the heights due os 1 to 4*89, since thoy follow the 
ratio of the squares of tho velocities. 

In the experiment which gave the term 1, that where the mouth-piece M alone was used, tho 
actual veh»city, which was obtained by dividing tho discharge by the section, was 11 ‘9297 ft.; it 
corresponds to a generating head of 2 ’21 14 ft. The head corresponding to tho velocity in the 
second experiment will then be 2*2114 x 4*89 = 10*8137 ft.; whence it follows that tho discharge 
was equal to what would have occurred if, instead of adding the tube N to tho mouth-pieco M, 
the water had been raised in tho reservoir, above the level which it had during the flowing] 
10*8137 — 2*2114 = 8*6023 ft. Thus tho accelerating effect of the velocity due to'thc diverging 
tube is measured by a column of water 8*6023 ft. ; this is more than a quarter of the weight of the 
atmosphere. This is a very considerable effect for a force which seems quite small ; for we see no 
other physical cause of the augmentation in the discharge produced by the tube, than the action 
of the sides, and, in short, the molecnlar attraction. 

On Flowing under very Small Heads. — When the head over tho centre of the orifice is very small 
compared to the height (vertical dimension) of that orifice, the mean velocity of the different lines 
of the fluid vein, that is to say, the velocity which, being multiplied by the area of the orifice, gives 
tho discharge, is no longer that of tho central lino. It differs from the velocity of the central line 
ns much more as the head is smaller ; it will be about a hundredth leas if the bead is equal to tho 
height, and a thousandth less if the head is three times (3*2) greater than the height. I*t us see 
what theory teaches us in this respect ; and first, tho law which it indicates for tho velocity of the 
fluid lines, in proportion as the point from which they issue is lower than tho level of the 
reservoir. 

Let a vessel bo filled with water up to A, Fig. 4014 ; upon its face A B. which we will suppose 
vertical for greater simplicity, imagine below each other, n series of small holes, of which B will 
be tho lowest. Designate by II the height A B ; the velocity of tho 
line passing out at B will l>e J 2g H ; and if BC be mode equal to 
that quantity, it will represent that velocity. For every other point P, 
below tho level of the reservoir, the distnneo A 1* or x, the line P M, 
which would represent the velocity of tho fluid at its exit from that 
point, would bo J 2«/x, and calling it y, we should have y = */ 2g x. 

If through the extremity of all these lines P M, a curve be made to 
pass, they will bo its ordinates, and the heights A P or x will be 
its abscissas : and since y 1 = 2. <7 x, this curve may be taken as a pnra- 
bola having 2g or 64*364 ft. for its parameter. 

Thus the velocity of a fluid line passing from a reservoir at any point , 
is equal to the ordinate of a paralxtla, of which twice the action of gravity is 
the parameter, the distance of this point belosc the level of the reservoir being the abscissa. 

Snpix>sc now, that instead of opening a scries of small holes on the face A B, there had been 
perforated in it, from top to bottom, a rectangular slit, of the breadth / ; let us find the expression 
of the discharge. 

Divide this opening, in thought, by means of horixontal lines very near each other, into a 
series of small rectangles. Tho volume of water which will pas® from each of these in a second, or 
its discharge, will evidently be equal to tho volumo of a prism which Bhall have for its base the 
small rectangle, and for its height the corresponding ordinate. The sum of all these little prisms, 
or the total discharge, will evidently be equal to another prism, having for its base tho parabolic 
segment A B C M A, and for its height or thickness, the width of tho slit. Now, according to a 
property of tho parabola, this segment iB two-tliirds of tho rectangle A B C K, whoso surface is 
ABx BC = H x V2jH. Thus tho discharge through the rectangular opening of which H 
expresses the height and l the breadth, is ) / H J 2g H. . 

Wo now seek the discharge through a rectangular orifice open on the same side, but from B to 
D only, and having the same breadth l ; call A the head A D, on tho upper edge of the orifice ; tho 
discharge of the slit which wo suppose from A to D would also lw* $ / A J 2 g A. Now, it is evident 
that the discharge through the rectangular orifice of which BD is the height, will be equal to tho 
difference of the discharges through the two slits, aud which consequently will be 

| / JTg (H VIT- A J A). 

I*t us revert to the mean velocity ; and first to that which we have when the slit is quito 
°P®n. Lot G bo tho point from which the fiuid lino animated with this velocity proceeds; if wo 
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mako A Q = jr, it will bo g x ; being multiplied by tho area of tho slit l X II, it must give the 
discharge. But we have Been that thin discharge was also expressed by §/H j2gH; wo shall 
then bare / II J2 ijz - 1 /II tj2g H ; whence * = 4 H, and consequently v=*/2</fH=$ V2//H. 

Thus the mean velocity will bo two- thirds of tho velocity of the lower line. In fact, G H, 
which represents the first, is, according to the above-mentioned property of the parabola, two- 
thirds of B 0, which represents tho second. 

For the rectangular orifice of which B D or H — A is tho height, *' being tho height due to 
its mean velocity, wo should in liko manner havo (H — A) / >J2 gtf = | / $J2 <j (H J H — A *Jh ) ; 

, , 4 /iWh-a^aV 

whence = r _ . ) . 


Example . — There in a prismatic basin, at tho bottom of which is a rectangular orifice *82 ft 
base, ami ‘8987 ft. height; and during the flowing tho fluid surface is constantly *7218 ft. above 
tho lower edge of the orifice. We thou havo II = ’7218; A = *7218— *3937 = 3281; thus 

, . ( -3281 V'3281 V 

1 = ^\ *7 218 — -32 81 / = ” con80( l ucnt *y mcan velocity will be 


V2i7 x *48= 5-558 ft. 

D’Aubnisson makes the following observation, which applies more particularly to the case of 
heads. 

During tho flow through an orifice, tho surface of tho fluid in tho reservoir, starting from 
certain points, is curved, and inclines towards tho side in which the orifice is piorccd ; so that the 
height or vortical distance of the surfaco, above any part of tho orifice, is greater on the up-stream 
side of the points where the inflection begins, than near to and touching the side. It is the first of 
theso heights or heads which must always bo introduced into tho formulas of flowing. The 
distance between tho orifice and tho line whero the fluid surface joins the side is very often intro- 
duced (into tho formulas); from this there results an error in deficiency, in estimating the dis- 
charges which, in some cases, very rare to he sure, may extend even to a tenth of the discharge. 

Such errors diminish when the head increases ; and according to the experiments of MM. 
Poncolet and Lesbros, who have also fully explored this question, they will be insensible when 
the heads exceed ‘4921 or 6562 ft., say 6 or 8 inches. Yet in very great orifices the depression 
of the surface is still perceptible; D’Aubuisson hail seen it from 1| to 2 in. against the sluice-gates 
of the eannl of Languedoc, when the two paddle-gntcs were open. 

If tho orifice had a figure different from tho rectangle, tho expression of tho mean velocity, and 
consequently of the discharge, would be more complicated ; its determination would become a 
problem of analysts of little utility in practice, where great orifices are almost always rectangular. 
The solution of these problems can be scon in the Architecture Hydmulique of Belidor; and in 
the Hydrodynamiquo of Boasut. For the present we shall limit ourselves to that which concerns 
the circle. Designating by d tho diameter, by A tho bead abovo the centre, we have for tho 


expression of tho discharge, * d* */2gh (l - - — — — — Ac. ) ; this discharge is that 

y J 2H /r AiTl I A* / 

which corresponds to the velocity of the central line diminished in the ratio indicated by tho 
complex factor. 

The discharges, of which wo have just given the expression, arc theoretic discharges ; for 
reducing them to actual discharges it is necessary to multiply them by the coefficients deduced 
from experiment. 

These also will be furnished us by MM. Foncelet and Lesbros. We indicate them in tho 
following Table ; — 


Hr Ad upon tbe 
criilre. 

Height of Orifices. 

*S6«2 fL 

•32#i a. 

*1610 ft. 

•0*84 ft. 

*06«6ft. 

•0328 ft. 

fwt. 







•03281 






0-712 

•0656 




0-611 

0-607 

0*700 

•0984 




0-614 

0-663 

0-693 

•1312 



0*624 

0 643 

0*661 


•1640 



0*625 

0*643 

0-660 


•1968 


0-611 

0 627 

0-642 



•2625 


0-612 

0-628 

0*640 



•3281 


0-613 

0-630 

0-638 



•8037 

0-592 

0614 

0-631 




•4921 

0 597 

0*615 

0*631 




•6562 

0-599 

0-616 

0-G3I 




•9843 

0 601 

0-617 





1 6404 

0-003 

0-617 





8-2809 

0‘605 







The numbers above are tho true coefficients of the contraction of the flnid vein, or the coefficients 
of the reduction of tho theoretic discharge to tho actual discharge ; for theory gives no other 
general formula for flowing through orifices than J l nj'ig (H Vll — A */A). 

Cr 2 
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That which was established R •/ 2 g A ; where A' = $ (II + A) applies only to particular cases, 
very frequent, to be sure, whero A' is threo or four times greater than II — A. In tiio other cases it 
is <VTone*»us, and the coefficients which are adapted hi it, and which it has served to determine, are 
erroneous also : they are the coefficients found above the transverse lines which divide the columns. 
(The coefficients below the lines, although detemiintsd by the aid of that formula, are accurate, 
coinciding with those obtained by the general formula.) Finally, in the first, mS^2«/A', the 
error of the coefficient m is compensated by the error of the formula, and the discharges which it 
gives are sensibly identical with those of the other; and os it is, besides, more simple, it is 
commonly employed in all cases. 

Example.— What would be the discharge of a rectangular orifice *9843 ft, wide and *49215 ft. 
high, under a bead of only * 10405 ft. on its upper edge? Here H = *10405 + *40215 = *6502 ft. 
and / = *9843 ft. The head on the centre, therefore, is *410125 ft.; the coefficient which corre- 
sponds to this head, according to tho above Table, is nearly *003 ; a mean term between 593 and 
*614. Thus the discharge will he ) x*C03 x*9843 X 8*02052 (*6502 V* 0502 — * 16405V *10405) 
= 1 *470 cub. ft. The ordinary formula, with its coefficient *592, taken from the ordinary Table, 
p. 1893, would have given *592 x *9843 x *49215 x 8*02052 J *410125 = *1473 cub. ft. 

We havo a circular vertical orifice of *0888 ft. diameter, with a head of *0592 ft. above tho 
centre. What will bo the discharge ? Hero d = *0888 ft., A = *0592 ft. ; so that tho expression, 

p. 1907, becomes *012080 ( 1 — » ) = *011863 cub. ft. This is the theoretic dis- 

\ 5b * 89 U47 *o/ 

charge ; and to havo the actual discharge it is necessary to multiply it by the coefficient indicated 
in tho Table. We there find 0*007 for an orifice of *0502 ft. diameter, under a head *0050 ft. 
(or of *0592) ; under this some head, wc then also hove *0044 for an orifice of *0984 ft„ from which 
we shall take 0*650 for tho orifice of *0888 ft. 'The actual discharge will then he 0*65 x *011863 
= *00771 cub. ft. 

Hydraulic Gauge. — Darcy’s gauge, the extreme accuracy of which has enabled scientific men to 
remove the theory of running water from the domains of speculation into those of almost absolute 
certainty. Darcy’s gauge is a modification of an instrument invented by M. Pitot ; and it will lie 
necessary to explain the nature and working of this instrument in order to give a complete 
explication of the one with which M. Darcy’s name has become connected. In tho year 1732 
M. Pitot communicated to tho Academy of Science a discovery which he had made concerning the 
laws that regulate the motion of water in streams; he presented to that learned body the instru- 
ment by means of which the discovery had been made. His invention had enabled him to measure 
with considerable accuracy the velocity in any given point of tho fluid fillets of which a stream is 
composed, and the discovery which he had made was that the velocity of water decreases as wo 
approach the bottom or the sides of the current, a fact that is well known and well understood in the 
present day, but one that before Pitot’s time had not been thought of, and that for a long time after 
was warmly disputed in consequence of a false theory then held concerning the motion of fluids. 

Pitot’s gauge consisted of a long wooden rod of triangular section, to one face of which two glass 
tubes were fixed. One of these tubes was bent horizontally at its lower extremity ; the other, on 
the contrary, descended vertically to the level of the curved portion of the first. Pitot thought that 
if this instrument were exposed to the current of water it would give, by tho difference of level 
existing l>etwren the two columns of water in the tubes, the height due to the velocity of the fluid 
nt the point under considers ti oft ; and that it would then be easy to deduce the required velocity 
by means of the relation V* = 2 g A, A being the difference observed. The idea was an ingenious 
one, and moreover it was new. Yet Pitot’s instrument was looked upon by practical men with 
disfavour (although they continued to use it). It was considered a matter of pure speculation from 
which nothing practical could be derived. And to obtain the mean velocity of a stream of water 
recourse was always had, either to vertical floats equal in length to the depth of the portion of 
water whose mean velocity it was required to find, or to some other instrument more or less 
complicated and needing the assistance of a time-marker. Tho reason of this lies in the fact that 
Pitot’s instrument, wonderful as it was, was nevertheless in some degree founded in error. Reduced 


to its simplest theoretical form it might be constructed of a single glass tube horizontally bent at 
its extremity : the water entering through the horizontal portion which is exposed to the currant, 
holds itself in equilibrium in tho vertical tube nt a height above the Burfnoe of the current equal 
V* 

to A = — , V being tho velocity of the fluid fillet under consideration. When circumstances 

enable us to measure A and g exactly, we may deduce V from this height with sufficient precision. 
But usually the chopping or the water against the outer surfnee of tho tube and its supports does 
not allow us to compare the level of the water in the tube with that of the surface of the stream 
troubled by the presence of the instrument, and even this surface of the stream is not easily 
measured on account of the undulations which cover it. It was to avoid this difficulty, which 


Pitot no doubt discovered by experience, that he added tho second tube, the lower end of which 
was !>eneath the surface of the water. 


Pitot thought that the level of the w*ater in the straight tube must be equal to that of tho 
surface of the stream, and that in this way the difference of level or A, the height due to the 
velocity, might be readily obtained. Here lay the first error. When a straight tu)>e is placed in a 
stream of water, the water in the tube stands below the superficies of the stream by n quantity in 
a constant ratio with the square of the velocity of the fluid fillet passiug beneath its lower orifice. 
Thus the difference A between the levels of the water in the tubes represents a quantity greater 
than the height due to the actual velocity of the fluid fillet in question. Hence arose an error 
which rendered Pitot’s conclusions inexact. Besides this, the oscillations were very strong in tubes 
80 arranged, especially as tho orifices had tho same diameter as the tubes ; nay more, it was even 
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deemed necessary to make theso orifices funnel-shaped. Thus wo boo how it was that Pitot'a tube 
could be of no practical life. In the first place its construction was founded upon an erroneous 
principle, and in the second place the oscillations which took place in the tubes rendered it 
impossible to estimate truly, esjjeciaily iu the case of feeble velocities, the required difference of 
level. 

We will now consider the modifications which Darcy has made in Pitot'a instrument, modifi- 
cations that have rendered it exact in its results and easy of application. Many careful experiments 
showed him that if, in a stream of water, iu any point of the fluid having a velocity V, wo place a 
vertical tube bent horizontally at its lower extremity, and having its orifice placed first against the 
stream, then in the direction of this latter, and lastly rectangularly to its direction, there exists a 

constant relation between the theoretical height g— duo to the velocity of tbo fillet under consider- 
• 

ntion, and the quantities A’, A", A " ; A' representing in the first case the height by which the level 
rises in the vertical branch above the surface of the stream : A" and A'" the quantities by whioh the 
level sinks below tho surface of tho some stream on the other two hypotheses. In this way, liko 
General Austruther, he changes the erroneous value given to g. We may therefore state ; — 


■ = m A” 


V* V V* 

2g * 2g * 2 g 

combining either the first and second, or the first and third of these equations ; — 


= v/I 


m + n»‘ 


*/2 y (A' + A") = m */2g{h' + h")\ 


V = y / — — — - a/2 g (A' + A"') = /*' a/2 g (A' + A'"), 
w + m 

Hceking in the tables the velocities corresponding to the heights A' -f A", A' + A'", wc find velocities 
V' and V"; tho above equations become therefore V = fkX' and V = /t'V". It will be seen 
from this that it is not necessary to know the level of the surface of tho water in which the instru- 
ment is placed in order to determine the required velocity. And it must be remarked further that 
the oscillations in the tubes have been almost nullified by giving tho orifices a diameter of only 
1$ millimetre, whilst that of the tubes is 1 centimetre. But as these oscillations, however feeble 
thev might be, would still cause tho observer some trouble, a cock has been added by means of 
which the lower orifices of the tubes may lie closed simultaneously. These orifices being closed, 
all communication with the stream is cut oflf, and the difference may be read upon the tubes and 
the velocity deduced with perfect ease and precision. 

Darcy’s gauge possesses another important modification. Most hydromctrical instruments have 
the grave defect or altering the velocity which they are designed to measure, by the disturbance 
which they cause in the fluid mass. It was necessary therefore to diminish the size of the gauge, 
and to remove as far as possible from the divided scale upon which the tubes are fixed, the orifices 
through which the fluid fillet enters whose velocity it iB required to determine. To obtain this 
double result the scale to which tho tubes are fixed is mode os thin as possible and bevelled, and 
copper. tubes of a very small diameter affixed below to the glass tubes, the ajutages being placed 
at the extremity of these copper tubes. Here another question arises ; How are we to measure the 
velocities at the surface or even of the whole liquid mass equal in depth to tho length of the copper 
tubes through which the water cannot be seen ? This result has been obtained by the following 
means: the two glass tubes communicate with each other in their npper portion by means of a 
copper tube which is hermetically adjusted to them ; upon this copjier tube a cock is placed which, 
according as it is open or shut, puts the tubes in communication with the atmosphere, or cuts off 
this communication. Above this cock is a little mouth-piece, by means of which an imperfect 
vacuum is produced by suction ; the water ascends in the glass tubes to the height desired, and is 
kept in that position by closing the cock which cuts off the communication with the atmosphere. 
Tho upper cock offers the additional advantage of enabling the operator to determine, with an 
instrument of a height much less than the depth of the stream, tho velocity of the latter at a given 
depth. To effect this, he has merely to lower tho instrument 1, 2, or 3 mitres into the water by 
means of an iron rod, to which it is fixed in such a way as to preserve its mobility at>out a vertical 
axis, and the orifice of the horizontal portion of Pitot’s tube is kept directed against the Btream by 
means of a kind of rudder. 

fn the fbrmor case the instrument acts under dilated air; in tho latter under more or less 
compressed air. Bnt it is evident that in both cases the differences of level between tho tubes are 
the same as if the operation were performed under the influence of atmospheric pressure. 

Fig. 4015 represents the most approved form of Darcy’s gauge. Tho vertical glass tubes are 
1"**25 in length; the two small copper tubes placed on the lower portion are enclosed in a kind 
of box, also of copper, Figs. 4015 and 4018, 0®*77 long, 0**06 broad, and only O^'Oll thick; 
this box ends on noth sides in a sharp angle for the purpose of lessening as much ns possible the 
shock of the water, a result which is perfectly obtained, os the instrument when placed in the 
water causes no appreciable disturbance. 

Tho measurement of the velocities in a given point of the section of a stream is effected in the 
following manucr. Above the stream, at the poiut at which the experiments are to be made, a 
slight temporary bridge is constructed, and a stoutish rail fixed for the purpose of ttupjxjrting the 
weight of the instrument. On the back of the gauge-tube is an arrangement by means of which, 
with the aid of a thumb-screw, it may be fixed at the height necessary to bring the ends of the 
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tubes to the required point. An iron 
handle enables the assistant upon 
tho bridge to hold the tube in an 
exactly vertical position indicated 
by a plumb-line. 

Tno instrument being thus 
placed, and the upper and lower 
cocks closed, the operator sucks out 
by the mouth-piece O, FigB. 401ft, 
4010, a portion of tho air contained 
in the tubes, bo as to make tho 
water ascend to a height conve- 
nient for rending, then he closes 
tho upper cock R. The difference 
of level between tho two columns 
of water in the instrument then 
establishes itself at once; but both 
are subject to continual oscillations. 
When the operator wishes to read 
the difference, he closes, by means 
of a string, the lower cock U' ; the 
columns of water then becomo mo- 
tionless, and their respective heights 
may 1*> read without the slightest 
difficulty. 

Wo conclude these remarks with 
an example of the method of using 
this instrument, taken from M. 
Darcy’s work on Hydraulics. It 
must be remembered that every 
possible precaution had been taken 
to ensure a uniform flow of water 
in the course selected for experi- 
ment. A breadth of 2 metres 
was preserved throughout ; the 
sides were carefully boarded, and 
the bottom rendered smooth and 
hard, and of a uniform descent. 
The depth of the stream was care- 
fully measured throughout in tho 
following way. Upon each of the 
cross-pieces of timber which sup- 
ported tho boarded sides of the 
water-course were placed three nails, 
one in tho middle, and one within 
0™ - 33 of each side. The height 
of each of these nails above tho 
bottom of the water-course was then 
measured, as well as their height 
above the surface of the water; 
tho difference of these heights evi- 
dently gave the depth of the stream 
upon the vertical line passing 
through each of the three nails. 
This operation, which required 
great can-, was performed by means 
of a slide-rule, Fig. 4020, terminat- 
ing in a sharp iron edge. Tho 
operator rested the slide upon the 
cross-piece over the stream, and let 
the rule down till the end touched 
tho surface of the water. Tho maxi- 
mum velocity was measured both by 
means of tho gauge and by means 
of floats. The use of these floats 
required great precautions; some- 
times simple wafers were used, 
sometimes small pieces of wood or 
cork, weighted with lead, so as to 
skim along the surface of the water. 
Figs. 4021, 4022. By means of 
a time-marker indicating fifths 
of a second, the time occupied by 
each float in traversing a space of 
40 or 50 metres was exactly deter- 
mined. The operation was several 
times repeated ; and only those in 
which the float had followed per- 
fectly tho axis of the current were 
token into account at all ; even then 
tho mean of five or Bix results, at 
least, were taken. With respoct to 
tho results obtained by the gauge, 
tho difference of height in the two 
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columns of water being constantly variable, coro was taken in rending to seize 
the moments of the maxima and minima. Two or three maxima, aud as many 
minima were noted, and the mean of all tho operations taken. 


Example. 


Heights 


In the tubo 
•gainst strruni. 

In the tub« 
with Bin-tun. 

Dlftitw. 

OwerratMoa. 

metre*. 

diHtm. 

rue In**. 


0*953 

0*822 

0*131 

Maximum. 

O' 048 

0*830 

0*118 

Minimum. 

0 050 

0*822 

0*128 

Maximum. 

0'iM5 

0*825 

0*120 

Miuimum. 

0*933 

0*803 

0*130 

Maximum. 

0*025 

0*808 

0*117 

Minimum. 


Mean 

.. 0*124 




Whence V = p V 2 y x 0"' 124 . Our old friend, y , plays a great part here, 
see Qvnxkrt. 


4017. *019. 



Section through A B. Section through E F. 


4019. 4021. 4022. 



Cork float weighted with lead. Plan. 


4023. 



The dial-float, Pigs. 4023, 4024, won used by 
M. Darcy to secure an unvarying level in the 
water-course in which his experiments were made. 
This float, Fig. 4023, consisted of a zinc floating 
piece weighted with lead; to tho upper portion 
was fixed a piece of ribbon which passed over two 
pulleys, and which was kept tight by means of a 
weight Attached to its other extremity. Tho axis 
of one of tho pulleys formed the centre of a dial. 
Fig. 4024, 0 ro ' 32 in diameter; a small steel index 
marked upon this dial the slightest rotary motion 
of the pulleys, and consequently tho slightest 
variations of level. Tho float was enclosed on all 
sides by a vertical wooden casing, forming a kind 


4024. 



4020. 



Rule for measuring 
the depth of water. 
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of well ; the water contained in this well was in communication with the surrounding water only 
at the bottom by means of small holes in the casing. The object of this arrangement was to pre- 
vent the irregular motion of the surface from disturbing tho float. The assistant whoso duty it 
was to attend to the water-gates, was able, by glancing to this dial, to keep the level of the water 
constant within 1 or 2 centimetres. 

See Akciumediaw Screw. Barker’s Mill. Barometer. Barrage. Boiler. Canal. 
Damming. Displacement. Float Water-wheels. Gcnneby, p. 1759. Hydraulic Machines, 
Varieties of . Overshot Water-wheels. Piths. Pumps and Pumping Engines. Reservoirs. 
Rivers. Ttrbixb Water-wheels. Undershot Water-wheels. Weirs. 

HYDRAULIC MACHINES, Varieties of. Fr., Machines hydraxtliques ; Ger., TTowr- 
tnagehinem. 

Hydraulic Motors . — It is an incontestable fact that hydraulic motors render great and frequent 
service to industry ; for though they are not adequate to every emergency, as steam-engines are, 
they possess the no small advantage of requiring only the first outlay necessary to establish them, 
tho redemption of which with the interest accruing thereto, added to the expense of repairing, 
which is very small, constitute the only general costs of tho motive power of a mill driven by 
Water. 


The disadvantage inherent to hydraulic motors Hcb in the variations of level and volume to 
which a fall of water is liable ; whence it follows that the power employed through its medium is 
not constant throughout tho year ; in some seasons it may bo insufficient, in others greater than 
the requirements of the mill demand. But, as the productive power of a mill must generally be 
regular and constant, the regulating the powor of water-courses becomes a matter of great 
importance. Unhappily tho causes of tho variations of level and volume in a stream of water are 
such that, in mast cases, they can he only imperfectly counteracted, for the remedy consists simply 
in establishing large reservoirs in which tho water may accumulate during tho rainy seasons, and 
from which it may l>o drawn in nearly constant quantities, so that the uniform and constant dis- 
charge n minute, for example, multiplied by the number of minutes in the year, would give the 
total volume furnished in that space of time bv the dam in question. Tills exactness, however, 
cannot be attained : but we have not yet succeeded in establishing a rational state of things. Tho 
periodic and frequent inundations which take place show how little care we tako to profit as much 
an possible by a motive power which nature offers us almost for nothing. A few barrage- reservoirs 
have indeed been constructed here and there; hut their number is greatly inadequate to the 
requirements of industry, and their construction has not yet tempted private sjieculation and 
energy. If the enormous sums of money which have been sent out of the country to be swallowed 
up in bubble undertakings had been expended in improving our water-courses, navigation, agri- 
culture, and manufactures of all kindB would have received immense benefits. 


Our examination of motors, or more accurately, hydraulic recej>tacles y will comprise the threo 
following categories; — 1, ordinary hydraulic wheels with a horizontal axle, utilizing either tho 
weight of tho water or tho velocity due to its fall ; 2, turbine* with a vertical and with a horizontal 
axis, utilizing the velocity and consequently the vis mu of the water ; 3, reeiproeatory engines, or 
motors worked by water pressure, in which tho water acta upon a piston having an alternating 
rectilinear motion. We purpose hero to show the actual state of progress realized iu the construction 
of this widely-known class of motors. 

Preliminary General Motions . — Tile gross power of a water-mill is found by multiplying the 
weight 1* of the volume furnished by the stream a second, by the height H of the fall. Dividing 
this product by 75 kilograiniuMres‘(tho work corresponding to 1 horse-power) we get the gross 
pointer F expressed iu horse-power, 


The effective power of the mill depends solely upon tho kind of motor adopted ; it is the product . 
of the gross power by the useful effect K of the motor ; — 

P H 

Effective power F e = K • [2] 


It is therefore necessary in each particular case to choose the motor best adapted to the conditions 
of fall and volume in the stream to lx* nsed. The rules for the establishing of water-wheels are 
tho object of a special study, and would be out of place here ; but we will allow the application of 
them in the critical examination which wo purpose to make. 

C ommon Water -wheels with n Horizontal Axle . — These comprise three principal classes ; — 

Wheels which receive tho water on the ton, or in a point situate between the summit and the 
horizontal plane passing through the axis. These are called overshot wheels. 

Wheels which receive the water between their centre and the bottom. Theso are callod 
breast -wheels. 

Wheels which receive the water at tho bottom, and upon which the water arrives with a 
velocity due to a height nearly equal to that of the fall. These are called undershot wheels. 

Overshot Wheels . — These wheels are applicable to high falls, that is, comprised between 3 and 
12 metres ; above this limit their construction becomes difficult and costly. 

When the stream has only n very small discharge, not exceeding 300 litres a second, the canal 
which brings the water to the wheel is brought out to the crown of the wheel by a kind of trough, 
the bottom of which i<* cylindrical, a , nearly concentric with the wheel itself, Fig. 4025. This 
bottom, which is usually of wood, terminates in a horizontal plank forming the overfall, which is 
placed at ulxmt 0" "400 short of the vertical line drawn through the axis of tho wheel. The 
water flows over in a sheet, the thickness of which must not exceed 0“*15l) to 0**200 at tho 
moat. 


Digitized by Google 



1913 


HYDRAULIC MACHINES, VARIETIES OP. 

We see at once that this eystem of wheel does not admit of variations in tho level of the 
upper lade, for tho hii tall east variations in thia level would be great relatively to the thickness of 
the sheet of water on 
tho overfall, and would 
cause considerable vari- 
ation in the expendi- 
ture of water and con- 
sequently in the force 
of tho wheel and its 
velocity ; and that the 
wheel must never dip 
into the tail-water, be- 
cause the immersion of 
tho buckots would pre- 
vent the efflux of tho 
water and lessen tho 
work of tlie wheel. 

Therefore, if the level 
of the tail or back 
water varies, the bottom 
of tho wheel must bo 
fixed at tho highest 
level. 

Overshot wheels of 
this kind, that is, with- 
out a head of wa/cr, aro 
only suitable to streams 
that aro nearly constant 
in their flow, and to 
mills that offer a regu- 
lar resistance, such as 
corn and spinuiug mills. 

These wheels may bo 
constructed wholly of 
wood, of wood and 
iron, or wholly of iron 
(cast iron, wrought 
iron, and plate iron). 

Two cheeks A placed 

on each side of the trough enable several buckets to be filled every time the wheel is started. 
These cheeks should extend about 1 metro beyond the vertical ]JAssing through tho axis of the 
wheel. Tho sluice V fixed at the head of the trough is only for the purpose of stopping tho 
wheel ; when the wheel is going, the sluice is wholly raised, and consequently does not regulate 
the discharge. 

When the buckets are of wood, which is usually the case, they aro composed of two pieces, be 
and cd, one of which is fixed in the direction of the radius, and flie other in the direction of the 
relative velocity of the inflow of the water into the wheel. The direction of this relative velocity 
is found by comparing the absolute velocity with which the water arrives upon the wheel, and an 
equal velocity directly opposed to the linear or tangential velocity from a point in the outer circum- 
ference of the wheel. Usually the distance of two consecutive buckets apart is equal to the depth 
mn ; this depth should not exceed 0®*400. The buckets arc enclosed between rims or shroudings 
fixed to the arms. If the breadth of the wheel exceed l^'SO, one or two intermediate rims are 
required, supported by a system of arms similar to those for the outer rims. 

The rotatory motion of the wheel impresses upon the surface of the water in each bucket the 
form of a portion of a cylindrical surface, tho generatrices of which are horizontal, and the straight 

section of which is an arc of & circle, whose radius is expressed by , » representing the angular 

velocity of the wheel. The water has a tendency to leave the wheel before the lowest point is 
reached ; the consequence of this is a loss of work great in proportion to the height of the point /», 
where the anticijiakd discharge begins, above the level of the lower mill-race. This loss may be 
avoided by fixing a circular apron p </ around the lower portion of the wheel from the point p. 

Overshot waterfalls, without a head of water, ought not to receive more than 100 litros of 
wnter a second to the metre of breadth. Their effective work varies from 0'75 to O' 85 of the gross 
work. If the level of tho upper mill-race and the volume of water are variable, the wheel cannot 
be fed by means of an overfall ; arrangements must indeed lie made by which the volume of 
water expended by tho wheel may be varied, according to circumstances, without changing tho 
velocity with which the water flows upon tho wheel. These conditions are satisfied by constructing 
a vertical sluice <j with a head of water h\ Fig. 4020, ao that tho distance m n from the bottom of 
the sluice to the floor of the pen-trough may in all cases be much less than the height A' of the 
head of water. A wheel-race 6 c, inclined to about »>., brings the water upon the wheel ; this race 
is provided with two side cheeks d, which extend about 1 metre beyond the vertical line, passing 
through the axis of the wheel. The construction of this system of wheel differs in nothing from 
that described above. As we have already stated, the wheel must not dip into the book-water, 
and the anticipated discharge of the water may bo prevented by the cylindrical apron shown in 
Fig. 4026. 
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The height A' of the head of water depends upon tho total height H of tho fall, and on the 
variations of level in the upper mill-race. It is not possible to fix absolute figures with respect to 
this : yet the values adopted 
should approximate to the 
following numbers; — 


V nines of H. Value* of A'. 


In this system of wheel, as 
in the preceding, the linear 
velocity measured on the 
outer circumference of tho 
wheel should be about 
equal to that with which 
the water flows upon tho 
wheel. 

Wheels with a head of 
water may receive 120 litres 
and even more to tho metre 
of breadth a second. Their 
effective work is a little less 
than thnt of wheels without 
a head of water, and may be 
reckoned, as a mean, O’ 75. 

When tho level of the 
lower mill-rnce varies a 
little (from 0 m ’10 to 0 m ’15 
at tho most), and the level 
of the up]>er raco and 
tho volume of water vary 
greatly, the most suitable 
kind of wheel iH that repre- 
sented in a general way^hy x 

iron pen-trough «, the in- 
clined front of which is provided with a number of ajutages A, A, 6. These may be opened or shut 
by two rectangular sluices c, c, each worked by its own mechanism. Tho buckets have tho form 
shown in the figure, and the solo is provided with ventilators. One or more of the orifices is 
opened, according to the volume of water to be expended, and the position of tho level in the 


3 to 4 metres. 

4 to 6 „ 

« to 7 „ 

7 to 8 „ 


0G0 metre. 
0-70 „ 

0-80 „ 
0-90 „ 


4027. 



upper mill-race. The water is applied to this wheel at a point situate between tho summit 
and the centre ; it is known as tho Westerning wheel, because the most remark&blo specimen of 
this kind is to be found at Wosaorling, on the Hhine. 

The diameter of theee wheels is usually determined by taking it equal to the height of tho 
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fall increased by 1 metre. There in nothing absolute about this rule : it is subordinate to the 
condition of obtaining on tho ready introduction of water into the wheel, and a convenient form 
for the buckets. Am this wheel moves in tho direction of tho water in the lower race, it may 
be submerged to a certain dei^ree, O'* *10 to 0 m *12. It may receive 240 litres a second to the 
metre of breadth, and its effective work is from 0 1 65 to O' 72. 

Tho shaft of a bucket-wheel may be of wrought iron, cast iron, or wood ; tho arms may be 
of the same materials, but they are usually fixed in cast-iron sockets bolted to the shaft. When 
the buckets are of plate iron, they are usually eurvod according to a cylindrical surface. 

As the Paris Exhibition contained no specimen of a trough-bucket wheel, wo have introduced 
here the drawings of one constructed wholly of iron. Figs. 4028 to 4035 represent this specimen. 
The diameter of this wheel is 10 metres, and its breadth 1 metre; it weighs, including its 
shaft and gearing, about 18,000 kilogrammes. The wheel, which is fixed upon a cast-iron shaft, 
carries 120 buckets of plate iron ; the armH are of I iron. Against one of its shroudings, and 
firmly bolted to the arms, is a toothed wheel, composed of twelve segmeuts. A bracing of obliquo 
wrought-iron ties prevents the transverse warping of the wheel. The shrouding and tho buckets 
are of plate iron ; these buckets ore riveted to the shrouding by means of auglo-iron. 

Br&isl-tcKceU . — Under this name are included those wheel* which are enclosed in a circular 
breast or arc, and which receive the water at a point situate between their centre and their lowest 
pert. 

Let us denote by II the whole fall made use of by the wheel, that is. the difference of tho 
height of the levels in tho upper and lower mill-race ; by A the fall utilized by the wheel, that 
is, the height of tho point at which the water is applied to the wheel above tho level of the 
lower race ; by V tho velocity of the water on its arrival upon the wheel ; by v tho velocity of n 
point of the periphery of the wheel ; and by P tho weight of the volume of water expended a 
second. Theory readily leads to the expression of the usefal effect or work T of the wheel as 
a fuuction of these quantities. Wo have 

T = PA + ? (Vm. ¥,-»)»; [S] 

bo that tho fall utilized by the wheel is expressed by A + — (V cos. V v — r), and its doty 
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Tlio duty increases as V decreases, that is, the height of the portion of the fall taken a a the 
generating weight of the velocity must be reduced as much as possible. Hence we have, for 
breast-wheels, the first arrangement, which consists in supplying the wheel by means of a sluice 

that allows the water 40M 

to flow upon the wheel 
from an overfall. This 
first class of breast- 
wheels arc called slow 
wheels. 

But this condition of 
flowing from a weir or 
overfall is often incom- 
patible, either with tho 
volume of water to l»e 
expended, or with tho 
variations of level in tho 
upper mill-race; hence 
the necessity of a sluiro 
allowing the water to 
flow beneath it, that is, 
with a head of water. 

In this ease the velocity 
V, and consequently 
that r of the wheel, are 
greater than in tho pre- 
ceding ease. We thus 
obtain what are known 
as mired or impulse 
breast-wheels. 

Fig. 4036 represents 
in elevation a stow with . . 

stmiflit float* built by ??5PP?|^S^=g-— .--4 
the Messrs. Foray and 

Co. of Essonne( France). — * 

The driving sluice is 1“ 
inclined so as to be * 
placed as near as pos- 
sible to the wheel. This sluice slides between two cast-iron support* fixed in the side walls, and 
*e*ts against a fixed cast-iron apron called a col-de-cygne, to which a circular stone arc, covered 
w ilh a layer of cement, forms a continuation ; this arc must bo constructed with care, no that tho 
I'ley to be left between tho whool and the arc may be reduced to within u few millimetre*. 
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The thickness of tho sheet of water received by a slow wheel from an overfall, should be at 
tho most 0*"’35 to O’" ’40; with respect to the percentage of work and tho ready introduction 
of tho water into the wheel, tho best thickness is 0** ‘25. The upper edge of the sluico 
should bo rounded on tho side of the wntcr; often tho sluico is provided on this sido with a 
strip of sheet iron curved from loft to right to guido the lower fillets before they reach the sluice, 
and consequently lessen the contraction. 

V eos.V v .... „ 


Instead of satisfying the relation v = 


- , most builders fulfll the condition v = V cos. V r. 


which is less favourable with respect to the percentage of work, but which allows of the floats 
being fixed in the direction of the radii of the wheel ; this arrangement of straight floats sim- 
plifies the construction of wheels. 

To utilize, in part at least, tho relative velocity of the water upon tho floats, each straight float 
is continued by a counter-float inclined upon the float and the Bole-plnto. Between two conse- 
cutive floats is a ventilating aperture in the sole-plate to enable the water to euter readily. 

An absolute condition from a theoretical point of view, which every breast-wheel must satisfy, 
is to be immersed in tho water of tho tail-race by a quantity exactly equal to tho height occupied 
by the water in the floats that have reached the line perpendicular to the axis of tho wheel. If 
the wheel does not dip deeply enough, thcro is a loss of fall equal to tho half of this quantity ; if 
the wheel dips too deeply, it meets in the water of the tail-race with a resistance which is equiva- 
lent to a loss of fall. Great care is therefore necessary in all coses to fix the position of the wheel 
in accordance with tho variations of the volume which it is to expend, and the level of the water 
in tho tail-race. 

A Belgian millwright, M. Delnest of Mona, exhibited in the Paris Exhibition of 18G7. a small 
model of a wheel of his own invention, called a helicvuial-floit wheel. Fig. 4037 is a kind of j>or- 
epoetive of this wheel. The shaft, centre boss, and arms, possess 
no peculiarity: the sole-plate is continuous and is not provided 
witn ventilators. According to M. Dtdnest, the air issues naturally 
in virtue df the form of the floats, which, instead of being placed 
according to the generatrices of the cylinder of the shrouding, are 
formed of two ports inclined in opposite directions upon those 
generatrices. The form of the floats certainly causes no perturba- 
tions io the inflow of water; tho absence of ventilators, which 
M. Del nest seems to have suppressed for the purpose of increasing 
the capacity of his wheel with respect to that of a common breast- 
wheel of the same dimensions, prevents the floats from discharging 
their water readily. Tho inclination of the floats upon the gene- 
ratrices of the sole-plate throws the tail- water against the sides of 
tho mill-race, which it tends to wear away. We think therefore 
that this kind of wheel is destined to remain in its condition of a 
model, its duty being necessarily inferior to that of a good breast-wheel with straight floats, erected 
conformably to theory, and to arrangements sanctioned by long experience. 

A M. Sagcbien, who is an engineer at Amiens, taking into consideration the fact that, from a 
theoretical point of view, the two causes of a loss of work in a water-wheel arc the loss of via viva 
corresponding to the relative velocity of the water in 
tho floats and tho loss of cw vim due to tho velocity 
with which the water leaves the wheel, was induced 
to consider a system of wheel in which the water flows 
upon the wheel with a very feeble velocity, little above 
that which it possesses in the mill-lead ; so that the 
sheet of water which flows ujion the wheel is of a thick- 
ness nearly equal to the depth of the water in the lead. 

The wheel itself moves very slowlv ; the velocity of a 
point in its periphery is usually between 0®*60 and 
0"”70 a second (see fc*ig. 4038)/ The water does not 
fall upon tho wheel as in the case of breast-wheels ; it 
moves horizontally, and the float-boards of Sagebien's 
wheel must fill themselves in the manner of a pipe 
open at both ends when dipped slowly into the water. 

This kind of wheel is therefore something of a water- 
meter. 

The theoretical conditions which Sagcbien ‘s wheel 
must fulfll, require the floats to have a direction very 
different from that adopted in common breast-wheels ; 
these floats, as shown in Fig. 4038, are all tangent to 
a circumference concentric with the wheel. 

The driving sluice is owned by being lowered ; a 
little above this sluice there is a trench to catch tho stones brought down by the wnter. It must 
be remarked here that the extremity or first element of the float-boards has the direction of the 
radios: this arrangement, contrary to the principles upon which this kind of wheel rests, is 
designed to prevent the floats being broken in the event of any hard body getting between them 
and the floor of the race. 

Fig. 4039, one of Sagebien’s wheels constructed wholly of iron, with the exception of the floats, 
which are of wood. The low velocity possessed by this wheel requires a very large diameter 
(8 to 10 metres, and even more) and very deep floats. This wheel makes from 1 to 1 J revolutions 
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a minute. 


We see from Fig. 4039 that the driving abaft of the mill makes about 1 * 5 


104 teeth 
30 



X X — = 33 revolutions a minute, in round numbers. It will be seen that Sagebien’a wheel 
3G 40 

requires great complication in the transmission of the movement. In Fig. 4039 the shaft and 
centre I losses are of iron, the arms of I iron, tho shroudings of plate iron, and tho supports of angle- 
iron riveted upon the shroudings. 

4039. 

eoT eet h 


The great diameter required by this system is necessary to avoid too great a resistance offered 
by tho tAil-water to the discharge of tho water in the floats. 

M. Sagebicn, in order to study the action of the water in his wheel, put tho course in communi- 
cation with a small reservoir, in which he placed a float with a vertical stem. By doing this in 
several parts of tho course in succession, he was enabled to ascertain that tho quantity of water 
enclosed between two consecutive float-boards varies proportionally to the velocity of tho wheel ; so 
that, abstracting the quantity lost through the play of the wheel, tho volume of water expended 
by the wheel in a given time is espial to the volume generated by a float in the samo time. In 
this, however, Sagebien’s wheel diners in no wise from a common breast-wheel. 

M. Sagebicn exhibited in the 1807 Exhibition three plans of his system of wheel, which he calls 
tho tiphtm-wheel, or “wheel with immersed floats and a constant level.” Fig. 4010 represent* 
roughly one of the three types exhibited. It applies to a wheel of n very large diameter (10 to 
12 metres), the floats of which dip at least 2 metres in the tail-water. Such a wheel may receive 
at least 1000 litres a second to the metro of brendth. We ought to remark here that the water 
expended by a Sagebien wheel cannot l>© calculated by applying to the sluice-gate the formula 
relative to weirs; for the calculation thus made would give a discharge much greater than the 
true one. 
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As thin wheel turn* very slowly, it will be Been that the play which must necessarily exist 
between the floats and the course has a very sensible Influence upon tho volume of water expended, 
which is consequently greater than the 
capacity of the float-boards. These 
floot-boords are very closo together and 
very numerous. The low velocity of 
this kind of wheel gives occasion to 
considerable strain upon tho floats and 
upon the teeth of the gearing which 
transmits immediately tho motion from 
the wheel. 

In Fig. 4010 the shaft is of iron ; 
upon this shaft are fixed several cast- 
iron centre bosses in two pieces, each 
half of which holds six arms. The 
twelve arms of each centre boss arc 
fixed to a shrouding of plate iron, upon 
which the supports are riveted ; these 
supports are simply angle-irons, to which 
the wooden floats are bolted. They are 
bound together by three iron bands. The 
sluico-gate, instead of being straight, is eurvod concentrically with tho wheel. This arrangement 
is good in principle, because it enables the sluice-gate to be placed quite close to the wheel ; but it 
is very difficult to get a curved sluice of so great a Bize to work well- 

Fig. 4041 represents a wheel of the same kind, but of smaller dimensions. The mode of con- 
struction is that first adopted by M. Sagebien ; it consists of cast-iron centra boss in one piece, in 
which tho arms of I iron are set. The supports are of angle-iron, and they are riveted upon tho 



shroudings, which are of plate iron ; the supports are bound together by an iron band. We prefer 
the construction of Fig. 4040, as being more simplo; this is its only merit, for rigidity not Doing 
the dominant quality of sucli large wheels, their greater number 
of parts increases the danger of dislocation*. 

A little above the sluice-gate, which is curved, Fig. 4041, and \ 

concentric with the wheel, is a guard -tinier, which is always open, * 
except when repairs are needed in the driving sluice. The 
arrangement of the pit at the bock of the sluice-gate is bad, 
for tho stones which accumulate in it arc likely to interfere with 
the descent of the gate; the arrangement in Fig. 4040 is far 
preferable. 

Tho third type exhibited. Fig. 4042, differs from the other 
two only in the form of the float-boards, which are curved instead 
of being straight. It appears to ua that no theoretical reason can 
be seriously given to justify this form; but the difficulty of con- 
struction, the danger of breakage in ease the end of the floats 
Bhould touch the course, and the greater facility with which tho 
floats lift the tail-water, each one being a kind of spoon, lead us 
to condemn, from a theoretical point of view, this form as utterly vicious. Wo will sum up our 
opinions of Sagebien'a wheels by saying, they are very expensive to build, fix, and keep in repair ; 
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the pearing necessary to transmit tho motion costa as much a* the wheel itself ; it requires a long 
time to start them ; they do not last long unless they are used for mills offering a perfectly regular 
resistance, and their various |mrta require to bo frequently screwed up, which renders them unfit 
for mills that work uninterruptedly. M. Ragebien has himself confirmed our opinions as far as 
the too low velocity of his wheels is concerned, by exhibiting the machinery of the waterworks 
established by him, for the supply of Paris, at Thilbardon, on the Marne. The pumps are worked 
by one of his wheels; but the velocity of the wheel is so small that it was found necessary to have 
a special shaft to drive the pumps, revolving about three times faster then that of the wheel, with 
which it is connected by a pair of spur-gear. The defect which we pointed out has therefore pr«>- 
duccd another ; for gearing should be avoided as much as possible in water-works designed for 
permanent service, and in which tho chance of breakage and consequent stoppage should be reduced 
as much as possible. . • 

We ought to add to the foregoing that Sagebien’s wheel is not suitable to water-courses that 
vary in level and volume; the variations of level in the tail-race can only be such as to keep this 
level about the same as that of the water in tho fl^ts that have reached tho line perpendicular to 
the axis of tho wheel ; in other words, the variations of level in tho tail-race must be proportional 
to those of the volume furnished by the stream. If the volume of water is variable, Sagebien’s 
wheel will be too heavy when the stream is low, and will work with difficulty in times of floods. 
Besides, circumstances will occur when 
tho level of the tail-race will be higher 
than the level of tho water in the floats 
that have reached the line perpendicular 
to the axis of the wheel. Fig. 4043; 
hence a considerable resistance from 
the tail-water, and a consequent loss of 
work. 

Undershot Wheels. — In undershot 
wheels the water arrives upon the floats 
with a velocity duo to a head of water 
nearly equal to the height of the fall. 

When the floats are straight and radiate 
from the centre, the wheel is moat im- 
perfect, and its theoretical duty cannot 
exceed 50 per cent. ; so that the prac- 
tical duty does not exceed 35 or 40 per 
cent, of the gross work ; and even to 
obtain this result, the wheel must be enclosed, on its lower portion, in a circular course equal in 
extent to the space of three consecutive floats, in order that there may not bo in any case direct 
communication between the upper and lower races; care must be taken also to incline the sluioo- 
gate from the wheel, and to place it as near to the latter as possible. 

The duty of these undershot wheels with straight floats may be improved by utilizing tho 
velocity possessed by the water on leaviug them. This is effected by making the floor of tho 
course, immediately beyond tho plumb-line of the wheel, a little lower than the natural level ; in 
this way 0-35 or 0-45, or the real height of fall, may be gained. The way of doing this is to give, 
for a distance of 2 metres, an inclination to that portion of tho race which immodiatcly follows the 
circular course sufficient to enable the water to flow over it with a velocity equal to that of tho 
wheel ; from this port tho race slopes about ^ down to the natural bed of the stream. 

The depth of tho floats should bo equal to at least three times the opening of the slnice-gntc; 
but this rule is not always sufficient ; it is better to lay down tho condition that tho depth of tho 
floats must bo such as to koep them above the highest level of tho tail-water. 

General Poncelet has made float-wheels the object of his special study, for thepurposo of ascer- 
taining tho best Arrangement for utilizing tho impulsive force of the water. Tho result of his 
researches was the construction of an undershot wheel in which the floats are curved, so that their 
first element upon the periphery of the wheel has tho direction of the relative velocity of tho water 
with respect to the wheel. The consequence of this arrangement is that the water enters the wheel 
without shock, and ascends in it to a height nearly eqnal to that due to its relative velocity ; tho 
water then escapes from the wheel with an absolute velocity that may be much below that of the 
wheel, if the form of the floats has been properly studied. In order that the fluid veins of the sheet 
of water which arrives upon the wheel may all be placed in tho same theoretical conditions, regard 
being hod to the form adopted for the floats, M. Poncelet establishes between the sluice-gate and 
the bottom of tho wheel a curved course, the longitudinal profilo of which is an arc of an involute 
of a circle. 

The Paris Exhibition of 18C7 contained no remarkable specimens of undershot wheels with 
straight floats, nor of Poncelet’s wheel. Figs. 4044 to 4002 represent one of these latter, wholly of 
iron, which has been erected at the manufactory of Guerigny (France). The shaft of this wheel is 
of iron ; upon this shaft are fixed three cast-iron centre bosses, in each of which are set eight flat 
iron arms firmly bolted to it. These arms are riveted to segments of the plato-iron shroudings 
held together by riveted joint-plates. Tho floats are of sheet iron, and havo been curved upon a 
model ; they are fixed u{>on angle-iron curved upon the same model, and riveted to tho shroud- 
ings. Each set of arms are broad in the middle, with flat iron braces bolted to the arms ; and the 
three shroudings are held by round tie-bars. This mode of construction is at once light and 
strong. The duty of Poncelet’s wheels varies from 0*50 to 0*05. 

Iu terminating our review of common water-wheels wc ought to call attention to the float- 
wheels of M. Cclludon, a Swiss engineer. These ore wheels with straight floats, and arc designed 
to utilize tho power of streams very variable in level, and offering only a very low fall. These 
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wheels utilize the impulsive force of the water, and to prevent their being submerged in flood time, 
M. Collation placet their axes upon movable supports, which renders them capable of being raised or 
lowered at pleasure. It is a very primitive kind of wheel, having a duty inferior to that of common 
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undershot wheels with straight floats, when well established. It iB not suitable for wheels of 
great power, ou account of the complication which is tho consequence of the mnvability of the axis 
and the little rigidity which results from it. 
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Turbines . — Under the name of turbines are included those kinds of wheels which are constructed 
to utilize the cm vita possessed by the water in virtu o of tho velocity with which it arrives upon 
the wheel, this velocity being due to a height sensibly equal to that of the fall. Tho water is 
brought upon tho buckets or blades of tho turning portion of the wheel, or turbine proper, by 
channels distributed over tho whole, or sometimes over a portion only of tho circumference of the 
turbine ; those with their various parts constitute the fixed part of the wheel, sometimes called the 
distributor. 

Turbines may bo erected upon either vertical or horizontal sliafts. There are two clashes of 
turbines with a vertical shaft. In those of the first class the water arrives horizontally upon tho 
blades of the revolving part of the wheel through tho interior of tho latter, and issues horizontally, 
thus flowing away from the axis. This is Foumeyron’s system. The revolving blades form thus 
a series of vertical cylindrical channels included between two horizontal walls. In those of the 
second class, called Euler’s turbines, the water enters the wheel from above and issues from below, 
remaining thus at a constant distance from the axis. 

Foumcyron $ System of Turbines . — We will not stop to examine here tho theoretical consider- 
ations involved in the conception of this kind of turbine; these considerations have been fully 
developed in another place. Wo will confine ourselves to giving a description of a turbine of this 
system, represented by Fig. 4053. 

4063. 



The turning portion, or turbine proper T, is erected upon a vertical iron shaft A, the lower end 
of which terminates in a pivot working in a socket 6. This socket is bolted to a strong, hard stone 
built into tho lower mill-race. A lever /, to which iB attached An iron rod, regulates the height of 
the shaft, so as to remedy tho wearing away of tho pivot and keep the turning part of the wheel 
always in the Bamc position. Tho vertical shaft A turns in a kind of sheath Fof cast iron, bearing 
on its lower part the fixed portion of tho wheel, or distributor P, which is furnished in its centre 
with a very elongated nave bored and fitted upon the sheath. This sheath F is centred and held 
in its position by a cast-iron collar B and three wrought- iron braces fixed as shown in the figure. 
The cylinder c serves as a guide to an inner cast-iron cylinder V, which constitutes the sluice of the 
turbine, and which is raised or lowered by sliding between moving and the fixed portions of 
the wheel. This sluice is worked by means of three vertical rods f, working into female screws 


Digitized by Google 





HYDRAULIC MACHINES, VARIETIES OF. 


1923 


commanded by a single piece of mechanism to ensure an equal motion of the mils. The cylinder C 
is bolted upon the wooden floor of the water-chaml>er of the turbine. The fixed part P is provided 
with directing blades which run from the outer circumference ; half of these blades reach tee centre 
or nave, and half stop short at tho mean circumference. Their use is to direct the water into the 
revolving part of the wheel. 

Ono grnvo defect of this kind of turbino is the facility with which plants and leaves accumu- 
late among the fixed blades ; for this reason it is necessary to place a thick screen in somo part 
above the wheel. 

Theoretically this turbine should work l>eneath tho tail-water to avoid a loss of fall ; but 
practically it can be submerged only by a quantity equal to the lift of the sluice. If the turbino 
do placed out of tho tail-water, and the sluice lifted to its full height, this turbine will be placed 
in its normal conditions with respect to the mode of action of the water; a pressure will be 
established in the channels of the moving part of the wheel, and the turbine will be revolved by 
reaction. If, on tho contrary, the sluice be only partially lifted, the mode of action of the water 
may be changed ; the veins of water, on leaving the fixed blades, enter the channels formed by 
the revolving blades, the capacity of which is, in that case, too great, and disturbances are pro- 
duced which cause a decrease in the duty or percentage of work of the wheel. 

Somo experiments made with Fourncyron’s turbino at a factory at Inval (France), with a low 
fall, and turning under water, gave the following results; — 

Lift of tho sluico .. .. 0"»*091 0 m 145 0"*200 0^ -300 0»*345 

Percentage of work . . .. 0-49 0’58 0*67 0 69 0*71 

From which it will bo seen that tho percentage of work diminishes with tho lift of tho sluice. 

M. Fourneymn, to removo this very grave dcfoct, divided tho height of the moving portion of 
tho wheel into throo compartments (Fig. 4053), separated by horizontal partitions; but thoso 
partitions correspond to only three lifts of the sluice, and therefore remove tho defect for only 
three particular positions of the sluioo. It is a very imperfect remedy. 

Among this class of turbines we must mention those of the Messrs. Williamson, of Kendal, 
in which the water is let into tho wheel from without. Theoretically this arrangement possesses 
no advantage ; it renders the construction of thtf turbine more complicated, and ougnt to bo 
rejected, as well as Fourneyron's turbine itself, because it requires a volume of water and a 
velocity of rotation absolutely constant, conditions that can rarely bo satisfied in practice. 

When the fall is high, tho turbine cannot in general be erected in water-chambers constructed 
of stone and wood, because the expense would be too great. In such a case* the turbine is erected 
in a cast-iron tank fed bp a conduit pipe from the upper mill-race. The height of tho water iu tho 
upper race above the onfices of the revolving wheel must bo sufficient to prevent the formation of 
hollows over these orifices ; 1 metre may be considered as a minimum. It is moreover necessary, 
for the free discharge of the water, to give a sufficient depth to tho lower race beneath tho wheel, 
to keep the mean velocity of tho water there below 0 m, 60 or thereabout. These conditions cannot 
always be satisfied with a turbine and an open water-chamber if tho fall is rather a great one, tho 
construction of the lower race in theao cases boing very expensive. This labour is considerably 
lessened by moans of a very simple contrivance, invented and often applied by M. Girard, a 
French engineer. 

Fig. 4054, to which we will return later, represents the application of this arrangement to one 
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the lower level, and the formation of hollows is wholly avoided. Tho form of the siphon is 
studied with a view to guide the water in the most effective way on its arrival upon the revolving 
wheel, and to utilize consequently the impulsive force corresponding to the velocity which it has 
in the siphon. 

The diametrical section of the turning wheel and the form of the blades have been modified 
by M. Girard, so that the turbine moves by free deviation, that is, the water flows in the buckets 
of tho revolving wheel ns in on open channel, so that the motion of this turbine satisfies as nearly 
ns possible the theory relative to tho motion of an isolnted vein of water. 

The sluice of the turbine represented in Fig. 4054 consists of a cast-iron cylinder, as in 
Fourneyron's turbine : but the diametrical profile of this cylindrical sluice is much more favourable 
to a proper guidance of the liquid veins : tho water issues from the fixed portion of the wheel 
through a series of conical ajutages formed by the fixed blades, its inner wall R and that of tho 
cylindrical sluice C. The revolving wheel A is fixed upon the bottom of a hollow cast-iron 
spindle or shaft D, which passes through the central casing of the tank, and terminates upwards 
in a kind of ear E, in which aro placed tho pivot and box. This box is screwed to tho upper 
end of a central fixed shaft F, of wrought iron, passing through tho hollow shaft and fixed helnw 
in a box or socket bolted to a hard stone set in the lower mill-race. This mode of construction 
renders the repairing and the greasing of this, tho most delicate part of tho wheel, very easy. 

Fig. 4055 represents the details of the construction 
of the uppor portion of the shaft D. .... &*tion through a 6. 


The pivot F terminates in a screw working into 
tho beau H of tho hollow shaft, in which it is made 
to ascend or descend by means of the female screw I. 

It often happens that tho level of the lower race is 
variable : indeed this is the usual case. In such circum- 
stances the turbine is placed with its lower side down 
to the lowest level, consequently in flood time the tar- 
bine is under water. This immersion of the revolving 
wheel is a favourable circumstance for Fourneyron’s 
turbine when the sluice is wholly raised ; but it is 
no longer favourable when circumstances do not admit 
of a complete raising of the sluice. And this case 
often occurs, because the capacity of the turbino is 
calculated with a viow to obtain, even with a minimum 
fall, the power requisite for the mill. In such con- 
ditions tho buckets of the revolving wheel are partially 
fdled with the hack-water, which is relatively at rest ; 
the result is a shock and a consequent loss of work. 
To remove this grave defect, common to all systems of 
turbines, and to maintain sensibly constant tho per- 
centage of useful work in the conditions to which we 
have referred, M. Girard has invented a method of 



keeping the wheel free of water by means of compressed 
air driven under the revolving wheel bv a small blow- 
ing machine driven by the turbine itself. 


iri 1 


This very important improvement is shown in H-fr-L..- ± . 

Fig. 4054, as having been applied to one of Fourney- 

ron’s turbines modified by M. Girard. Tho moving j fl 

E rtion of the wheel is enclosed in a cast-iron cover ggi « — J 

perfectly air-tight, into which opens the pipe m, ^ T ^ r 

through which the compressed air is injected. Tho 
cover H runs down (I) to a reservoir of air K, in which 
tho air collects, which is carried along mechanically 
by the water as it escapes from tho turbino. A ver- 

tical tube a, terminating in a kind of reversed funnel — — // 

o, serves to let off the superfluous air. The position ( rj 1 J 
of the lower edge of tho funnel determines that of tho — z 

artificial level of the water produced beneath tho tur- J [ — ; t 
bine by the injection of the air, so that the revolving 

wh^l work, in the air whatever the petition of the A mii of ivot . gKtiaa , t Clf . 

level of the race may be. Wo shall see later what the r 

advantage of this ingenious contrivance is. 

EuUr'a Turbine. — In this kind of turbine the water enters from above. To avoid a loss of fall 
the lower face of tho revolving wheel must be down to the lowest level of tho back-water. If this 
level is constant the turbine will be always out of the water. This kind of wheel therefore 
possesses an incontestable advantage over Fourneyron's, which must work constantly under water in 
order to fulfil the same condition. 


One of the first French constructors to apply Euler’s principles to the construction of turbines 
was M. Fontaine, of Chartres. Figs. 4056 to 4058 represent a turbine erected by him at the mill of 
Vndenay, with some of its principal details. The adductor channel B opens into a water-chamber 
formed of two side walls of hydraulic masonry and a wooden framing A, and a vertical partition D, 
also of wood. The fixed part of the wheel F is bolted upon the framing A ; tho moving part H is 
fixed to the lower part of a hollow shaft L, the pivot of which is arranged as in Fig. 4055. Tho 
central column or fixed shaft is lot into a cast-iron support K bolted to a hard stone set in tho ^ 
lower mill-race. The hollow shaft is enclosed in a cast-iron casing I in two pieces, which rises 
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a little above the highest level of the top-wntor. The sluice of the turbine consists of thirty-two 
small vertical gates V, Figs. 4057, 4058, sliding in grooves in the side cheeks of the fixed portion 
of the wheel; to each goto is attached an iron rod t fixed by two nuts to an iron ring c. This 
ring is suspended upon — 

three or more vertical 
wrought-iron rods T, 
terminating upwards in 
a screw that works into 
the piece m turning in 
a groove. Each part 
m carries a spur-pinion ; 
all of these pinions gear 
into a wheel r, so that 
by turning this wheel 
in cither direction the 
rods T or the ring c, 
and consequently the 
thirty-two sluice-gates, 
are raised or lowered. 

Thus if it be required 
to reduce the discharge 
of water to one-thinl 
or one-fourth of the 
total capacity of the tur- 
bine, each of the sluices 
will be raised a third 
or a fourth of its total 
height. 




» — * 


V 


Bnt to keep sensibly constant, notwitliatanding the variations of tho volume of water expended, 
tho percentage of effective work of a turbine, the orifices of the distributor must, neglecting for 
the moment all other conditions, be fully opened. To mako this clear we will give an example. 
Suppose that a turbine receiving the water throughout its circumference has to expend, during 
certain seasons of the year, only the half or a third of the volnmc of water corresponding to its 
total capacity. There are two wavs of redneing the expenditure of tho turbine so ns to make it 
exactly eotinl to the volume furnished by the stream. The first, employed by M. Fontaine in the 
turbine which we have just described, consists in proportionately reducing the opening of all the 
orifices of the distributor. This is a very bad way, and it greatly reduces the percentage of work 
at the very time when it can least be afforded, namely, when the stream is low. The second way, 
the beat and most rational applications of which we owe to 31. Girard, consists in opening only that 
number of orificea which correspond to the volume to be expended; this is the principle of pmrliai 
tluicet applied to turbines. Many examples of the application of this principle were shown in the 
Paris Exhibition of 18G7 ; but as all of them were very objectionable from some |»oint of view, we 
will not attempt to describe them here. The Exhibition did not, indeed, show the progress which 
has been mode during the last few years in the construction of turbines. This progress wo will 
show in our article on Tuddikes. To this end it will be necessary here to call attention to a few 
generalities applicable to all systems of turbines. 

The form of the directing blades being given, that of the moving blades is deduced so as to 
allow the water to enter without shock ; to effect this, tho first clement of the blades must be 
directed according to the relative velocity of the water at its entrance. Tho ratio of the a bsoluU 
velocity with which the water issues from the orifices of tho fixed portiou of the wheel, with the 
linear velocity at the periphery of the wheel, may be taken arbitrarily ; the value of this ratio haB, 
however, an influence on the percentage of work* 

V the linear velocity of the wheel is nearly equal to that of the water, the wheel is called a 
hujh-prtuurt turbine. The choice of this proportion enables us to use a wheel of a relatively small 
diameter, with a large volmmt of water. The adoption of a high-pressure turbine is often rendered 
necessary; — 1, by the necessity of expending a large volume of water under a low fall (1 metre 
and even less); 2, by the diminished cost of the wheel and the works requisite for it* establish- 
ment ; 3, by the advantage of obtaining a greater velocity in the shaft of the turbine, which usually 
simplifies much the transmission of the motion. But the percentage of work in wheels of this kind 
rarely exceeds 0'65. Therefore in most case*, even on rather high falls, it is better to give the 
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turbine a velocity equal to about half that of the water. This proportion characterizes the wheels 
known a* lote-prt$surc turbines, in which the percentage of work may alwnys bo considerably 
greater than that of high-pressure turbines working under tho game conditions of fall and volume. 

The only important and rational improvements in the construction of turbines on Euler's 
system are due to M. Girard. Fig. 4059 represents ono of Girard’s turbines with an open wuter- 
ehamlicr, tho partial sluice- 40Mi 

ago of which consists of a 
series of vertical sluices simi- 
lar to those of Fontaine’s tnr- 
bino explained above : but 
instead of their being all 
raised at once, they are raised 
ono after another by means 
of a kind of rack and pinion 
commuuicnting with a go- 
vernor placed above the 
wheel. Fig. 4059, A B, b. _ 

This kind of sluice works « 
perfectly, and may be 
adapted to the nctiou of on 
automatic regulator. 

Tho objection to which 
we called attention in the 
case of Fourney roll’s turbine 
when the level of the back- 
watcr is variable, exists olso 
in those of Euler’s system. 

M. Uirnnl, however, removes 
this objection by clearing 
the wheel of water by means 
of compressed air in tho 
manner we have before de- 
scribed. Fig. 4059 shows the 
arrangement of the hydro- 
pneumatic apparatus of M. 

Girard applied to a turbine 
with an open water-cham- 
ber. Numerous experiments 
have been made to test its value. 

M. Girard s works on the subject. 

Experiments made with Three op Girard’s Low-pressure Trauma, with Partial and 
Independent Sluices, and Working out op -hie Water. 



mmmm 

Borne of these we givo in the following Table, compiled from 



Percentage of useful 
effect to tho gruas work. 

Number of Sluiaes open. 

Working 
ont of tbe 
water. 

Working 
uixier water. 

10 (ont of 40)0 -25 
16 „ 040 

20 „ 0-50 

0-70 

to 

0-75 

0-58 | 
to 

0-68 ) 

24 (ont of 80) 0-30 1 
32 „ 0-40J 

36 „ 0-451 

0-78 | 
to 

0-80 | 

N.n.-Tbe 

turbine U 
cleared of 
water 
Daturollj. 

/1 4 (out of 80)0*17 
18 ,. 0-22 

24 „ 0-30 

30 „ 0-375 

36 „ 0-45 

48 „ 060 

48 „ 0-60 

069 

0-71 

0-73 

0-77 

0-78 

0-80 

0-70 


Description of the Wheel. 


Advantage of working 
with compressed air. 


1*79 

1G3 


Paper Mill at EgrccQlc 
(Scinc-et-AIamc). 

1 40 fixed curves 
40 moving curves! 

(A' = 0-30) ../ 

T* = 30 horse-power under a l . . 
minimum fall of 1 metro .. /> 


Persian I rviia -rubber Factory 
(Scmc-ct-Oise). 


2 r 


1 80 fixed curves 
54 moving curves!’ _ , 
(V = 020) 1 ' 

Spinning Mill of Amilly ( Loiret ). 


2 r = 3-000 

80 fixed curves } 180 

00 moving curves (A’ = 0*36) 


0*70 - 0 58 
0*58 


= 021 


0-80-0-70 

0*70 
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Fig. 4060 represents the diametrical vortical section of a turbine with an open water-chamber 
on Girard** system, in whicli the water its admitted only upon two opposite quarters of tbo 
periphery. The sluice consists of 
two sectors or valves do, each 
work* -il by n special mechanism, 
one of which is shown in tho 
figure. We ought to call atten- 
tion hero to the excellent and 
strong arrangement of tho sup- 
ports of tho vertical shaft of the 
turbino os well os those of the 
mill-shaft. 

As the two valves work indr- 
pcndently of each other, only one 
need be opened in seasons when 
the water is low ; this is favour- 
able to the maintenance of u good 
percentage of useful effect. It iH 
evident that this turbine which, 
at most, is fed upon half its cir- 
cumference, must not work under 
water. If the level of tho bock- 
water is variable, the turbine 
should bo placed so os te utilize 
the whole full in seasons of low 
water ; in flood time it is kept 
clear of water by means of com- 
pressed air. 

A turbino of this kind is ap- 
plicable to the coso of a very 
variable, but not large, volume 
of water (1000 to 1500 litres a 
second at tho most), with a mode- 
rate fall, or in the case of very 
variable volumes with a high fall. 

In the latter case tho turbine is 
placed in a closed iron tank. 

Often the great height of the full 
is not the only reason for tho 
adoption of a closed tank. Some- 
times the conformation of tho 
place where the wheel has to be 
erected, or some other local reason, 
leads to the adoption of the iron 
tank, in which the water is 
brought by a pipe, in placo of 
the stone and timbered water- 
chamber. 

Fig. 4061 represents a turbine 
with a close tank on Girard's 
system, fixed under a low 
fall : the figure in question 
shows the arrangements to 
be given in such a case to 
the hydro-pneumatic appa- 
ratus. The wheel is fed with 
water throughout its peri- 
phery : and the sluice con- 
sists often or twelve sliding 
valves moving horizontally. 

The form of tho tank is de- 
signed to enable the water 
to enter readily, and to pre- 
vent any loss of force through 
a sudden change of velocity. 

The motion of the slide- 
valves clears away any ob- 
structions that may accu- 
mulate. As each valve 
corresponds to several ori- 
fices in the fixed or guiding 
port of the wheel, and as 
each valve should be fully 
opened in order not to re- 
duce tho proportion of useful 
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effect of the corresponding orifices, it follows that we cannot by means of this system of sluioe 
reduce tho volume of water so gradually as by means of the two independent valves mentioned 
above. These considerations led M. Girard to combine these two systems of sluices. 

Figs. 4062, 4063, represent this arrangement for the case of a turbine with an opeu water- 
chamber. Tho following references will render a description unnecessary ; — A, moving portion 
of the wheel ; B, fixed portion ; C, fixed column or shaft : D, hollow spindle ; E, stuffing box, 
serving as an axis to tho register-valve ; K, differential register- valve with one blade covering 0* 10 
of the circumference : L, spindle commanding the register-valve ; P, spindle commanding the 
toothed cam-sector ; Q, toothed cam-sector working the slide-valves ; R, V -p* 60 ® working the slide- 
valves ; 8, hollow ooluwus ; T, movements of the slide-valves ; U, copper guides ; V, cast-iron 
slide-valves. 

It will be readily seen that by uniting the slide-valves and the register- valve, wo may fully 
open a number of orifices exactly necessary and sufficient to use only the volume of water furnished 
by the stream ; tliero is at most but one, the register- valve, whose orifices are only partially covered ; 
but this is unimportant. 

When a turbine has to expend a relatively small volume of water under a high fall (5 metres 
and above), thore is an advantage in supplying it with water upon a portion only of the circum- 
ference, because in that case it may have a larger diameter, and consequently revolve a less number 
of times than if it were supplied throughout its circumference. \Ve may then adopt the Blnico 



with two independent register- valves. But in many cases M. (iirard prefers to supply the wheel 
upon only * or ^ of its circumference in order that its orifices may be larger, and so, less liable to 
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Theao reasons led him to construct the turbino with a lateral injector , represented 
The sluice of this turbino consults of a simple circular sector or valve, from which 


be blocked up. 
in Fig. 4004. 

M. Fontaine first got the idea of a roller-valve. 
These turbines possess tho immense Advantage 
of being almost wholly open, and therefore aro 
easily inspected, cleaned, and repaired. But it 
will be seen that they are not suitable to a 
varying level of back-water, as they cannot 
work under water (being supplied upon only a 
small portion of their circumference), and tho 
hydro-pneumatic apparatus is not applicable to 
them. 

Turbines with a vertical axis possess a 
delicate part, namely, their pivot, which, if it 
hAS to Bupport too heavy a load, or if it turns 
too rapidly, is liable to become heated. This 
defect is of great importance in high-fall tur- 
bines, the vertical spindle of which is often very 
long and heavy, and has to carry besides the 
weight of toothed wheels or pullevs. M. Girard 
has completely removed this difficulty by the 
application of two hydraulic pivots, represented 
in Fig. 4065. This pivot is placed at the bottom 
of the hollow spindle, that is, upon the floor of 
the lower mill-race. 

It consists of two cast-iron plates, P and P, 
provided with grooves. The upper plate P is 
wedged upon tho bottom of tho hollow spindlo 
M, beneath the revolving wheel. The lower 
plate P' is cast with the part which receives the 
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bottom of the central column or fixed spindle; for not- 
withstanding the employment of tho hydraulic pivot, M. 

Girard, as a precautionary measure, employs the ordinary 
pivot suspended to the upper portion of the hollow spindle, 
as already explained. 

A small pipe brings the water from the upper race 
between the two plates of the pivot by means of tho 
tubulure t cast in the lower plate. Of course the dia- 
meter of these plates must be calculated according to the 
weight they have to support and the height of tho fall. 

We have seen this hydraulic pivot applied in many in- 
stances, and in all with perfect success. 

JontaCa Turbine. — Fig. 4066 represents a turbine on 
Euler’s system, with the particular arrangements intro- 
duced by Joaval. This turbine may be fixed in any in- 
termediate point between tho upper and the lower levels 
of the fall, taking care only to leave above the fixed 
portion of the wheel A a sufficient height of water to cause the water to enter properly, that is, 
without eddies or hollows. 

Tho moving portion of the wheel B is wedged upon an iron spindle, the pivot of which turns 
in a step or bearing in the centre of a support, arranged as shown in the figure, and bolted to 
the tana or cistern D, which enclose* the turbino and come* down to the floor of tho tail-race, 
where it curves horizontally to allow the water to flow out. The turbine is not provided with 
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slnicoa, so that tho orifices of the distributor are always fully open. The expenditure of water is 
regulated by means of a vertical sluice-gate It, placed against the diachargo orifice or the well. By 

40 €« 


when a single one of Girard’s, with a partial sluice, would suffice. Tho capacities of these multiple 
turbines are calculated in such a way that tho quantity of water used by each shall undergo only 
very slight variations. In flood times, nil the turbines arc set going; when the water is low, on 
the contrnnr, that one only is used which has been erected sjs'cially for this season. This artifice 
is an exceflent ono for the millwright ; but it increases considerably the original outlay. It does, 
however, possess the advantage of dividing the motive power among several wheels, which enables 
tho mill to keep working while repairs are being executed. 

As Jonval’s turbine may generally be placed, in the case of modernto or high fnlls, considerably 
abovo the highest Wk- waters, they may be inspected and repaired in any season without it being 
necessary to draw off the water previously. 

Turbines with a Horizontal Axis . — By applying tho theoretical and practical rules which servo 
in the construction of turbines with a horizontal axis, many engineers and millwrights havo 
erected water-wheels having a horizontal axis, which utilize the water in precisely the same way 
as ordinary turbines. These are generally known as turbines with a horizontal axis. 

• Tho Paris Exhibition of 1867 contained only two kinds of these turbines. One was exhibited 
by a firm of builders at Jenbnch (Tyrol). But it is merely a Jonvnl-Kochlin turbine turned tho 
other way up. Through a horizontal cylindrical tube, which forms the tank or well of the turbine, 
passes the shaft upon which the wheel is fixed. A circular channel cast in ono end of this tube 
and perpendicular to its axis, receives the feed-pipe ; the water is guided upon the wheel by fixed 
blades, arranged as in Euler's turbine. At the other end of the tube and also perpendicular to it 
is another similar channel through which the water is discharged; this orifice is provided with a 
valve for tho purpose of regulating the expenditure of water. 

These are the chief arrangements of the Jonval-Kdchlin turbine. There are many objections 
to be urged against them. The channels by which the water is introduced and discharged being 
perpendicular to tho axis of tho wheel, there is a considerable loss of fall consequent on the sharp 
angles. The valve which serves to regulate the expenditure of water, by acting upon the discharge 
orifice, constitutes a faulty arrangement, os we have seen above ; and as the wheel works constantly 
immersed, it must be supplied with water throughout its circumference, if the loss of work which 
we havo already pointed out is to be avoided, and which cannot be removed here by means of com- 
ressed air. This necessity led to the adoption of the valve placed against the discharge orifice ; 
ut the remedy is a very imperfect one. Let us add, that for streams having a small volume of 
water and a very high fall, the adoption of this kind of turbine, as well as Fourneyron’s, neces- 
sitates the giving a small diameter to the turbine, with very small orifices which are easily blocked 
up. Besides this, we have a great velocity in the shaft of tho turbine, and consequently many 
chances of breakages and repairs. 

Two small models of turbines with a horizontal axis on Cftnson’s system were also exhibited. 
These turbines aro of a very simple and primitive construction. Tho wheel, arranged like that of 
Foumeyron’B turbine if its axis were placed horizontally, is erected upon a horizontal shaft 
resting upon two ordinary cushions. The water is directed against the lower blades of tho 
wheel from the interior by a simple pipe, the single orifice of which is opened more or less by 
means of a small vertical sluice. The water is therefore very badly guided on issuing from 
the pipe, ao that the proportion of useful work is small, hardly abovo 50 per cent, of the gross work 
expended. 

This kind of turbine is, however, frequently mot with in the south of France, where the pro- 



closing this gate more or less, the expenditure 
the turbine is diminished in proportion to the dimi- 
nution of volume in the stream. This arrangement 
is a very bad one; — 1, because it produces a con- 
traction which occasions a loss of fail that becomes 
all the greater as the volume of water diminishes ; 
2, because the orifices remaining fully open, the 
velocity of the water is diminished, and the velocity 
of the turbine must be proportionately reduced if 
its percentage of useful work is to be maintained. 
But this condition of giving a variable velocity to 
tho turbine is incompatible with the exigencies of 
most mills. 

M. Andre' Kiichlin has endeavoured to removo 
this defect by two means. The first and cheapest, 
but least effective, consists in reducing the breadth 
of tho orifices by means of mitre-wedges. In this 
way, when the stream is low, tho velocity of tho 
water as it enters the turbine may be kept about 
the same, so that tho velocity of the wheel may 
also be maintained without much variation in the 
proportion of useful work. But if it were attempted 
to make this means really effective, it would be- 
come impracticable ; for as many series of wedges 
would be required as thero were different values of 
the volume of water furnished by tho stream. Tho 
other means, which is much more expensive, con- 
sists in erecting, upon a stream whose volume of 
water varies, two or three of Jonval’s turbines. 
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press of science has only begun to make itself felt. But it is fast disappearing from mills where 
a rational utilization of water-power is recognized. 

Turbines with a horizontal axis possess, however, special advantages when, ns in Cannon’s 
system, they receive the water upon a portion onlv of their circumference. These advantages arc 
the following ; — The whole periphery of the wheel being exposed to sight, it is easy to observe the 
way in which the water acts, and to keen the blades and the other parts of the turbine in a good 
condition ; the alieenco of a pivot and all water-tight fittings for the shaft, renders the machine 
less delicate, allows it to revolve very rapidly without danger, and diminishes consequently the 
chances of accidents ; as the wheel is supplied with water upon a portion only of its circumference 
(1 at the most), it follows, os in the case of turbines with a vertical axis and lateral iujector, that 
the orifices of the fixed lector or injector and those of the wheel present relatively larger dimensions, 
and consequently leas liablo to be blocked by the rubbish brought down by the water ; and lastly, 
the level uf the back- water may vary in a certain degree without lessening the proportion of useful 
work, since the turbine may work immersed in tho beck-water to a depth equal to the versed sine 
of the arc upon which tho water is brought. But to realize all theae advantages, the blades, both 
moving and fixed, must have all the improvements of form and dimensions introduced into the best 
vertical turbines. 

The only horizontal turbines which satisfy all these conditions arc those of M. Girard. These 
turbines may be applied with equal success to very high and to very low falls. The Exhibition of 
1867 contained no specimen of these remarkable wheels; but we will give examples of two kinds 
here. 

Fig. 4067 represents a small turbine on this system, adapted for a very high fall and a small 
volume of water. TIub model is equally applicable as the special motor of a machine-tool or c>f a 
lifting machine, such as paper machines, cranes, and so on. The wheel a is fixed upon the end of 
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a horizontal shaft 6 6, which is provided with one or more pulleys. The water is brought through 
a pipe bolted upon the orifice c of tho injector. Tho whole is erected upon a single bed-plate, 
which thus renders all the parts solid with each other. 

Fig. 4068 represents a huge turbine which works directly and without gearing a horizontal 
water-pump with a plunger-piston and double action, of which M. Girard has lately made many 
and remarkable applications for raising water for supplying towns. It will be easily seen that 
this turbine may be applied (as indeed it has been) to any kind of mill. The wheel o is 
erected upon a horizontal wrought-iron shaft, and rests upon two cushions. The injector b sup- 
plies the turbino upon a small portion only of the circumference, which allows large orifices to be 
used. 

The proportion of useful work reached by these turbines may be from 75 to 80 per cent, of tho 
gross work expended. This kind of turbine is suitable to low or moderate falls ana largo volumes 
of water. It may be advantageously substituted for any other kind of wheel required to give great 
power with a low fall. Iu support of our assertion we mention ; — 1, the turbines of 5 m, 20 diameter 
erected by MM. Callon and Girard for supplying water to the town of IvO Mans, which give 
each an effective power equal to 25 horse-power under a fall of 1 metro ; they make from ten 
to eleven revolutions a minute, aud they each drive directly and without gearing two horizontal 
plunger-piston double-action pumps which force the water up into tho reservoirs of the town. 
Their useful work, in voter raised, according to the official experiments made by M. Dupuit, the 
representative of the interests of the town of I^e Mans, is equal to 0*56 of the gross motive work 
of the fall ; hence we may condudo that as the proportion of tho useful work of tho pomps is 
75 per cent., that of the wheels in question is 75 per cent.; 2, tho four turbines of 11" *60 in 
diameter erected by M. Girard for the water-works of Paris, at Saint Manr, on the Marne, which 
supply the large reservoirs recently constructed at Mcnilmontant. Each of these wheels gives an 
effcctivo power equal to 120 horee-power, under a fall that varies from 5 to 2" *50. Each of 
them works directly aud without gearing a pump similar to those described above. Experiments 
made upon these powerful engines by Parisian engineers have shown a proportion of useful work 
in water raised of 64 per cent. A remarkable peculiarity of these wheels is their Bluice. It 
consists of a series of vertical iron gates or hatches, each worked by a piston moving in a double- 
action cylinder, into which the air from the pump reservoirs is let. The driver has merely to turn 
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on or off certain cocks to raise or lower the sluices: this contrivance requires no labour, and it ia 
capable of stopping the wheel in a few seconds. This latter quality is of great importance in ca»o 
of accidents. 



In bringing our remarks on turbines to a close we will give. Fig. 406U, a skotch of a particular 
kind of turbine with a horizontal axis, called the screw-w/wl, designed to utilize the power of large 
streams having a very low fall (from 0"*50 to 0"‘G0) and a considerable volume of water. Two 
of these wheels were erected some timo ago by M. Girard, at Noisiel-sur-Mame. As a reference 
to the figure will show, the wheel has its axis in that of the canal, and turns consequently in a plane 
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perpendicular to the direction of the water. This kind of turbine has no sluice; tho volume of 
water which it expends increases in proportion as the fall diminishes, and diminishes, on tho 
contrary, in proportion as the fall increases. We think it might be very advantageously applied 
to our large streams, in conjunction with the huge turbine-wheel described above. 

Tho variety of hydraulic machines that we next introduce is a water-wheel, which belongs to 
the turbine class, and which was invented and brought successfully into use by James Thomson, 
engineer, Belfast. 

In this machine the moving wheel is placed within a chamber of a nearly circular form. Tho 
water is injected into the chamber tangentially at the circumference, and thus it receives a rapid 
motion of rotation. Retaining this motion it passes onward* towards the centre, where alone it ia 
free to make its exit. Tho wheel, which i* placed within the chamber, and which almost entirely 
fills it, is divided by thin partitions into a great number of radiating passages. Through these 
passages the water must flow on its course towards the centre ; and in doing so it imparts its own 
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rotatory motion to tho wheel. Tho whirlpool of water acting within the wheel-chamber, being ono 
principal feature of thin turbine, lead* to the name Vortex os a suitable designation for the machine 
as a whole. 

The vortex admits of several modes of construction, but tho two principal forms are the ono 
adapted for high falls and the one for low falls. The former may be called the high-pressure vortex, 
nnd the latter tho low-pressuro vortex. Examples of these two kinds, in operation at two mills 
m ar Belfast, are delineated in Figs. 4070 to 4072, with merely a few unimportant deviations from 
the actual constructions. 

Figs. 4070, 4071, are respectively a vertical section, and a plan of a vortex of tho high-pressure 
kind in uso at the Low Lodgo Mill, near Belfast, for grinding Indian corn. In these figures A A 
is the water-wheel. It is fixed on tho upright shaft B, which conveys away tho power to tho 
machinery to be driven. The water-wheel occupies the central part of tho upper division of a 
strong cast-iron case C C ; and tho part occupied by tho wheel is called the wheel-chamber. D D is 
the lower division of tho case, ami is called tho supply chamlxr. It receives tho water directly from 
tho supply pipe, of whieh the lower extremity is shown at E. and delivers it into the outer part 
of the upper division, by four large openings F, in tho partition betwoen the two divisions. The 
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outer part of the upper division is called tho guide-blade chamber , from its containing four guide- 
blades G, which direct tho water tangentially into the wheel -chamber. Immediately after being 
infected into the wheel-chamber the water is received by the curved radiating passages of tho 
wheel, which arc partly seen in Fig. 4071, at a place where both tho cover of the wheel-chamber 
nnd the upper plate of the wheel are broken away for the purpose of exposing the interior to view. 
The water, on reaching the inner ends of these curved passages, having already done its work, is 
allowed to make its exit by two largo central orifices, shown distinctly on the figures at the letters 
L L : the one leading upwards and the other downwards. It then simply flows quietly away ; for 
the vortex being submergtd under the surface of tho water in the tail-race, tho water on being dis- 
charged wastes no part of the fall by a further descent. At the central orifices, close joints 
l>etween the case and the wheel, to prevent tho escape of water otherwise than through tho wheel 
itself, are made by ineaus of two annular pieces LL, called joint-rings, fitting to the central orifices 
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of (ho ease, and capable of being adjusted, by moans of studs and nuts, 00 as to come close to the 
wheel without impeding its motion by friotion. The four openings H H, FigB. 4070, 4071, through 
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which the water flows into the wheel-chamber, each situated 
between the punt or edge of one guide-blade and the middle 
of the next, determine by their width the quantity of water 
admitted, and consequently the power of the wheel. To 
render this power capable of being varied at pleasure, the 
guide-blades are made movable round gudgeons or centres 
near their points: and a spindle K is connected with tho 
guide-blades by means of links, emuks, Ac., in such a way 
that when tho spindlo is moved, tho four entrance orifices 
are all enlarged or contracted alike. This spindlo K, for 
working the guide-blades, is itself worked by a handle in 
a convenient position in the mill : and the motion is com- 
municated from the handle through the medium of a worm 
and sector, which not only aorvo to multiply tho force of tho 
man’s hand, but also to prevent the gdlde-blades from being 
liable to the accident of slapping, or of being suddenly shut 
from the forco of the water constantly pressing them inwards. 
The gudgeons of the guide-blades, seen in Fig. 4071 as small 
circles, arc sunk in sockets in tho floor and roof of tho guide- 
blade chamber ; and so they do not in any way obstruct the 
flow of the water. 
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Part of ibe wheel. Fig. 4071, on a larger 
scale, to show the form of the vanes 
more accurately. 


M, in Fig. 4070, is the pivot-box of tho upright shaft. It contains, fixed within it, an inverted 
brass cup shown distinctly on tho figure; and the cup revolves on an upright pin or pivot with a 
steel top. The pin is held stationary in a bridge N, which is itself attached to the bottom of the 
vortex-case. For adjusting the pin as to height a little cross bridge O is mndo to bear it un, and 
is capable of being raised or lowered by screws and nuts shown distinctly on tho figure. Also for 
preventing the pin from gradually becoming loose in its socket in the large bridge, two pinching 
screws ore required, of which ono is to be seen in the figure. A small pipe fixed at its lower end 
into tho centre of tho inverted brass cup, and sunk in an upright groove in the vortex-shaft, affords 
the means of supplying oil to tho rubbing surfaces, over which the oil is spread by a radial groove 
in the brass. A cavity, shown in tho figures, Is provided at the lower part of the cup, for the pur- 
pose of preventing the oil from being rapidly washed away by the water. Great stress being laid 
on tho supposed necessity for oiling tho pivots of turbines by Continental engineers, J. Thomson 
was led to endeavour to find and adopt the best means for oiling pivots working under water. The 
oiling, however, is a source of much trouble ; and he lias found in the course of his experience that 
pivots of tho kind described above, made with brass working on hard steel, and with a radial 
groove in the brass suitable for spreading water over the rubbing surfaces, will last well without 
any oil being supplied. 

Four tie-bolts, marked P, bind tho top and bottom of the case together, so as to prevent the 
pressure of the water from causing the top to spring up, and so occasioning leakage at the guide- 
blades or joint-ringB. 

The height of the fall for this vortex is about 37 ft., and the standard or medium quantity of 
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water for which the dimensions of the various parts of tho wheel and case are calculated is 540 
cub. ft. a minute. With this fall and water-supply the estimated power is 28 horse-power, the 
efficiency being taken at 75 per cent. The proper speed of the wheel, calculated in accordance 
with its' diameter anti the velocity of the water entering its chamber, is 355 revolutions a minute. 
The diameter of tho wheel is 22 J in., and tho extreme diameter of the cose is 4 ft. 8 iu. 

A low-pressure vortex, constructed for another null near Belfast, is represented in vortical 
section ana plan, in Figs. 4073, 4074. This is essentially the same in principle as the vortex 
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already described, but it differs in tho material of which the dhso is constructed, and in tho manner 
in which tho water is led to the guide-blade chamber. In this the case is almost entirely of wood ; 
and, for simplicity, the drawings represent it as if made of wood alone, though in reality, to suit 
tho other arrangements of the mill, brickwork in certain parts was substituted for tho wood. 
The water flows with a free upper surface, W W, into this wooden case, which consists chiefly of 
two wooden tanks, A A and B B, one within the other. The water-wheel chamber and the guide- 
blade chamber are situated in the open space between the bottom of tho outer and that of the 
inner tank, and will be readily distinguished by reference to tho figure**. The water of tho head- 
race, having been led all round the outer tank in the space 0 0, flows inwards over its edge, and 
passes downwards by the space D D, between tho sides of the two tanks. It then passes through 
the guide-blade chamber and the water-wheel, just in the same way as was explained in respect 
to the high-pressure vortex already described ; and in this one likewise it makes its exit by two 
central orifices, tho one discharging upwards and the other downwards. Tho part of the water 
which passes downwards Aowb away at once to tho tail-race, and that which passes upwards into 
the space E within the innermost tank, fluds a free escape to the tail-race through boxes and other 
channels, F and (r, provided for that purpose. Tho wheel is completely submerged under the 
surface of the water in the tail-race, which is represented at its ordinary level at YYY, Fig. 4073, 
although in floods it may rise to a much greater height. The power of the wheel is regulated in 
a similar way to that already described in reference to tho high-pressure vortex. In this case, 
however, as will l jo seen by the figures, the guide-blades are not linked together, but each is pro- 
vided with a hand-wheel II, by which motion is communicated to itself alone. 

In this vortex, tho fall being taken at 7 ft., the calculated quantity of water admitted at 
the standard opening of the guide-blades is 24G0 cub. ft. a minute. Then, the efficiency of the 
wheel being taken at 75 per cent., its power will be 24 horse-power. Also the speed at which 
the wheel is calculated to revolve is 48 revolutions a minute. 

In connection with tho pivot of this wheel, arrangements arc made which provide for tho perfect 
lubrication of tho rubbing surfaces with clean oil. The lower end of the upright revolving shaft 
enters a stationary pivot-box K, through an opening made oil-tight by hemp and leather packing. 
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Within tho box there is ft small stationary steel plate on which tho sliaft revolve*. Within the 
box, also, there are two oU-chambera, ono situated above and round the rubbing surface of this 



plate, and the other underneath the plate. A constant cir- 
culation of tho oil is maintained by centrifugal force, which 
causes it to pass from the lower chamber upwards through a 
central orifice in tho steel plate, then outwards through a 
radial groove in the bottom of the revolving shaft to the 
upper chamber, then downwards back to the lower chamber, 
by one or more grooves at the circumference of the steel plate. 

The purpose intended to be served $y the prevision of the 
lower chnmber combined with the passages for the circulation 
of the oil, is to permit tho oil, while passing through the 
lower chnmber, to deposit any grit or any worn rnetal which 
it mny contain, so that it may be maintained clean nud may 
be washed over the upper surface of the steel plate at every 
revolution of the radial groove in the bottom of the shaft. 

A pipe leading from an oil-cistern L, in an accessible 
situation, conducts oil to the upper chamber of the pivot-box ; and another pipe leaves tho 
lower chamber, and terminates, at its upper end, in a stop-cock M. This arrangement allows 
a flow of oil to be obtained at pleasure from the astern, down by the one pipe, then through tho 
pivot-box. and then up by the other pipe, and out by the cock. Thus, if any stoppage were to 
occur in the pipes, it could be at once detected ; or if water or air were contained in the pivot-box 
after the first erection, or at any other time, the water could be removed by the pipe leading to the 
stop-cock, or the air would of itself escape by the pine leading to the cistern, which, as well as the 
other pipe, has a continuous ascent from the pivot-box. Certainty may consequently be attained 
that the pivot really works in clean oil. 

Tho inventor, J. Thomson, was led to adopt the pivot-box closed round the shaft with oil-tight 
stuffing, from having learnt of that arrangement having been successfully employed by Kuchlin. an 
engineer of Muhlhuiisen. Am to the other part* of the arrangements just described, ho believes the 
settling chamber with the circulation of oil to bo new, and he regards this part of the arrangements 
a m being useful also for pivots working not under water. In respect to the materials selected for the 
rubbing parts, however, he thinks it necessary to state that some doubts have arisen os to the 
Huitahleneas of wrought iron to work on steel even whou perfectly fabricated ; and he would 
therefore recommend that a small piece of brass should bo fixed into the bottom of the shaft, all 
parts being made to work in the manner already explained. 

The two examples which have now been described of vortex water-wheels adapted for very 
distinct circumstances, will serve to indicate tho principal features in tho structural arrangements 
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Part of the wheel. Fig. 4074, drawn on 
a larger scale to show the curvature 
of the vanes more correctly. 
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of these machines in general. Respecting their principles of action, some further explanations 
will next be given. In these machines the velocity of the circumference is made the same as the 
velocity of the entering water, and thus there is no impact between the water and tho wheel ; but, 
on the contrary, the water enters the radiating conduits of the wheel gently, that is to say, with 
scarcely any motion in relation to their mouths. In order to attain the equalization of these 
velocities, it is necessary that tho circumference of the wheel should move with the velocity which 
a heavy body would attain in falling through a vertical space equal to half the vertical fall of the 
water, or in other words, with the velocity due to half the full ; and that the orifices through which 
the water is injected into tho wheel-chamber should be conjointly of such area that when all tho 
water required is flowing through them, it also may have a velocity due to half the fall. Thus 
one-half only of the fall is employed in producing velocity in the water; and therefore the other 
half still remains acting on the water within the wheel-chamber at the circumference of the wheel 
in the condition of fluid pressure. Now, with the velocity already assigned to the wheel, it is found 
that this fluid pressure is exactly that which is requisite to overcome the centrifugal force of the 
water in the wheel, and to bring the water to a state of rest at its exit, tho mechanical work duo 
to both halves of the fall being transferred to the wheel during the combiaed action of the moving 
water and the moving wheel. In the foregoing statements, the effects of fluid friction, and of some 
other modifying influences, are, for simplicity, left out of consideration ; but in the practical appli- 
cation of the principles, the skill aud judgment of the designer must bo exercised in taking all such 
elements as far as possible into account. 

In respect to the numerous modifications of construction and arrangement which are admissible 
in the vortex, whilo the leading principles of action are retained, it may be sufficient here merely 
to advert — first, to the use of straight instead of curved radiating passages in the wheel ; secondly, 
to the employment, for simplicity, of invariable entrance orifices, or of fixed instead of movablo 
guide-blades ; and lastly, to the placing of the wheel at any height, less than about 30 ft. 
above the water in the tail-raoe, combined with the employment of suction-pipes descending from 
the central discharge orifices, and terminating in tho water of the tail-race, so as to render available 
the part of the fall below tho wheel. 

In relation to tho action of turbines in general, the chief and most commonly recognized con- 
ditions, of which the accomplishment is to bo aimed at, are that tho water should flow through tho 
whole machine with the least possible resistance, and that it should cuter the moving wheel without 
Bhoek, and be discharged from it with only a very inconsiderable velocity. The vortex is in a 
remarkable degree adapted for the fulfilment of these conditions. The water moving centripetally 
(instead of centrifugaliy, which is more usual in turbines) enters at the period of its greatest velocity 
(that is, just after passing the injection orifices) into the most rapidly moving part of the wheel, 
the circumference ; and, at the period when it onght to be os far as possible deprived of velocity, it 
passes away by the central pArt of the wheel, the part which has the least motion. Thus in each 
case, that of the entrance and that of the discharge, there is an accordance between the velocities 
of the moving mechanism and the proper velocities of the water. 

The principle of injection from without inwards, adopted in tho vortex, affords another important 
advantage in comparison with turbines having the contrary motion of the water ; as it allows ample 
room, in tho space outside of the wheeL for large and well-formed injection channels, in which 
the water can be made very gradually ana regularly to converge to tho moat contracted parts, where 
it is to have its greatest velocity. It is os a concomitant also of the same principle that the very 
simple and advantageous inode of regulating the power of the wheel by the movable guide-blades 
already described can be introduced. This mode, it is to be observed, while giving great variation 
to the areas of the entrance orifices, retains at all times very suitable forms for tho converging 
water channels. 

Another adaptation in the vortex is to be remarked as being highly beneficial, that namely 
according to which, by the balancing of the contrary fluid pressures due to half the head of water 
aud to the centrifugal force of the water in the wheel, combined with the pressure doe to the 
ejection of the water backwards from the inner ends of tho vunea of tho wheel when they are 
curved, only one-half of the work due to the fall is spent in communicating aft mu to the water, to 
be afterwards token from it during its passage through the wheel ; the remainder of tho work 
being communicated through the fluid pressure to the wheel, without any intermediate generation 
of pur cica. Thus the velocity of tho water, where it moves fastest in tho machine, is kept com- 
paratively low ; not exceeding that due to half the height of the fall, while in other turbines tho 
water usually requires to act at much higher velocities. In many of them it attains at two suc- 
cessive times the velocity due to the whole fall. The much smaller amount of action, or agitation, 
with which the water in tho vortex performs its work, causes a material saving of power by 
diminishing the loss necessarily occasioned by fluid friction. 

This description is the one given by the inventor. We referred, p. 1923, to the turbine water- 
wheel of J. Thomson as that of Williamson Brothers who are the manufacturers of it. The 
opinion expressed, p. 1923, is that of tho experienced hydraulic engineers MM. L. Vigreux 
and A. Raux; see p. 140, vol. in., of E. I^croix’s work on the Paris Exhibition of 1807. Many 
engineers as well as the manufacturers of this vortex water-wheel, hold a different opinion to 
that of MM. Vigreux and Raux. However, the matter in dispute is capable of being sub- 
mitted to a mathematical investigation, which the Editor of the present work intends to institute. 
See Turbines. 

Chain-pumps. — Bustier's chain-pump, Figs. 4070, 4077, is very effective ,* 80 per cent, of tho units 
of work applied is utilized. A vertical iron pipe descends to a little below the level of the water; 
an endless iron chain, carrying buckets at equal distances, works up the pipe and winds round a 
wheel erected on the top of the well. The buckets are provided with a pump-gear, consisting of a 
leathern washer enclosed between two iron discs ; the diameter of the washer is a little less than 
that of the pipe, so as to leave a little play. The lower part of the pipe only is bored to the diameter 
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nf tbe washers, which at this point net ns pistons. The object of this arrangement is to diminish 
the loss of water without causing much friction. The tube terminates upwards in a trough from 
which the water flows away. M 

The motivo pulley, upon which 
tho chain should arrive tangen- 
tially, is scored to receive tho 
links of the chain. The circum- 
ference of this pulley should 
contain an exact number of 
times the distance between two 
washers, and hollows should bo 
cut in the groove to receive 
these washer-plugs; this pre- 
vents the chain from slipping. 

The chain is sufficiently weighty 
to require only a small guide- 
pulley at the bottom of the pipe. T 

The volocity of rotation of L 
the wheel is at least 30 or 40 
revolutions a minute, and may 
go up to 100, which corresponds 
to a velocity in tho chain of 
1®*50 to 5 metros a second. 

Whatever the inventor may say, 
however, wo think that a high 
velocity is unfavourable to the 
percentage of work, first because 
the friction of tho water against 
tho sides of the pipe and the 
plugs increases, and second, 
because the water arrives at 
tho top with a useless velocity. 

This machine is employed in mines, and with very good results. Theoretically it is adaptable 
to any height ; but if the depth is very great, the useful effect is ocrtainly diminished. Tho 
constructor guarantees from 80 to 90 per cent, of work, but as we have not had au opportunity of 
verifying these figures, wo give thorn under reserve. 

M. IhuroioCn Hydraulic Propeller . — This is a simple and rustic machine, and in certain cases it 
may be advantageously substituted for a pump. The osceusion-pipe terminates downwards 
in a fixed cylinder of a considerable diameter, which is sunk beneath the water. A kind of 
bucket fixeu to movable vertical rods outside tho cylinder, is moved up and down by means 
of these rods and a hand-lever fixed on the top of the well. At each stroke tho backet fills 
itself, and lifts the column of water in the ascension-pipe; as this column cannot fall lack into 
tho well, a portion of it is ejected above. The apparatus may bo with single or double action, 
and tho arrangement of the levers may bo varied at will. It is applicable to any depth, sinco 
there is no suction, but it is obvious that a great length in the transmission-rods is objectionable. 
It is oasily fixed, and rarely gets out of order. It may be used to raise dirty water, or to irrigate 
with liquid manures ; or it may bo used in tan-yards or in gas-houses, to raise the coal-tar. 

Cahgny’a Conical Pturtp, without Piston or Valve. — M. Coligtiy has made many experiments and 
formed many theories respecting certain oscillating motions of water in pipes ; and he has iuvented 
a great number of machines for utilizing a fall of water to raiso water. We will not describe these 
machines here, for wo do not consider them of very much value ; we will merely mention ouo 
which ho calls a pistonless and valveless pump. This is a simple pipe of iron or zinc, 4 metres 
in length, cylindrical throughout the upper half of its length, and conical below, the diameters 
being 0“'13 in the cylindrical portion, and 0 m -36 at tho lower base of the cone. An alternating 
vertical motion given to this apparatus produces in the water in which it plunges certain 
oscillations which cause it to ascend to tho top of the pipe, whore it may be received. Consider- 
able practice is necessary to arrive at this result. It would occupy too much of our space to 
explain the theory of this instrument. 

CJutmpsaur't Aulodynamic P levator , — This is in reality a Heron fountain, rendered self-acting by 
an ingenious arrangement of floats and valves. Tho water enters through a pipe c, Fig. 4078, 
into a receptacle C, and passes thence through tho pipe m into a closed receptacle A. A float y, 
placed in this vessel, and bearing a valve d , is weighted so as to have a weight equal to the weight 
of the water which it displaces; consequently it loses its weight, but does not change its position. 
Tho level ascends into tho vessel C, up to tho float /, which, being connected with tho float y, 
raises the latter, and closes the valve d. When tbe water has reached the height K, it flows off 
through tho pipe K i, which takes it into a second closed receptnclo B, placed at the level 
obtainable. As the receptaclo B fills, tho air which it contains is compress**!, and through the 
tube sp fortes tho water remaining in A up the ascension-pipe rq. When the level of the water 
has reached r, the compressed air escapes through the same ascension-pipe, the atmospheric 
pressure is restored in both receptacles, tho float >j drops and opens the valve d, and the water 
begins again to fill the receptacle A. During this time the receptacle B must be emptied ; for 
this purpose there is attached to tho rod of the discharge- v&lvo l a float o, the ascending power of 
which is sufficient to open this valve when tho pressure upon it does not exceed that of a column 
of water of tho height of the receptacle. So long as tho air is compressed by tho column of 
water K i, the valve / remains therefore closed ; but ns soon as tho atmospheric pressure is 
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restored, the fleet o rises, and the water flows off The valve / must remain open until the 
emptying is complete, and to obtain this result the water is roccivcd into a system of concentric 
vessels t u, x x, terminating in a discharge-pipe y. The inner vessel has 
an orifleo r, too small for the quantity of water that issues ; tho water 
then lifts the float n, which by its rod holds tho valve open, and the 
latter does not close till the vessel B is quite empty. 

The water is thus raised in an intermittent manner in tho aseen- 
sion-pipe rq t if tho various parts of tho apparatus have suitable relative 
dimensions. The limit of the useful effect of this machine may be easily 
determined. Let Q bo the quantity of water that arrives through the 
pipe e ; H the height of tho level of the vessel C above the level of tho 
receptacle B ; H' tho height of ascension above tho level of tho recep- 
tacle A ; V and V' the disposable volumes of the two receptacles B and 
A. It is evident that 11' cannot exceed II, and that it is even a little 

less. Moreover, by applying Boyle’s law, we have ^ * 

If H* = H, wo have V = V' ; but H' being less than H, V is a littlo less 
than V'. V is the volumo of water raisea, V' is the volume of water ex- 
pended, and their stun is equal to Q ; therefore the quantity of water raised 
is always a little leas than tho half of quantity of water made use of. 

As to tho dynamic work of tho apparatus, it is certainly very great, the 
loss of height of water being only equal to that of the vessel C, and the 
resistances being small, for they are reduced to tho resistance of 
the valves and the friction of the water. 

Though the autodynamic elevator requires a long description, it is 
very simple, and when clear water has to bo raised, it needs but little 
attention. It may be of service in certain cases, such, for instance, as 
distributing tha water supplied to a house ; tho level reaching about the 
middle of the house, about half of the quantity allowed may be raised to 
the upper stories, the second half, in this case, not being lost, since it 
may be used on the ground floor. This has been successfully done at 
Marseilles. The arrangement of the apparatus may bo varied with 
circumstances, and the inventor says that with a slight modification it 
may be employed to raise other liquids without their becoming mixed 
with tho motivo water. 

Pumps proper. — Under this head we shall include all piston-pumps 
with an alternating motion, with single or double action, whether worked 
by hand or bv an inanimate motor. Reserving for a later page fire- 
engines, which may be grouped together, and the kind of pumps called 
unlimited, we will examine a number of models by the principal makers, 
without confining ourselves to any particular order, a simple classifica- 
tion being very difficult. 

Common Pumps. — Scott’s Steam-pumps. — Mr. Thomas Scott, of Houcn, 
erected two of his steam-pomps upon the banks of tho Seine, for the 
service of the International Exhibition of 1867. Each of these pumps, 
or rather pumping machines, consisted of two vertical 
pumps with a plunger-piston, tho rods of which were 
connected with a beam, and moved in contrary direc- 
tions. One of Woolf 's two-cylinder engines acted upon 
one end of the beam, the other carried the connecting 
rod of a fly-wheel common to both machines. The sup- 
port of the beam was a hollow cast-iron column, which 
served at the same time as an oir-rcservoir. 

This kind of motor is well adapted, from its slow 
and regular motion, to the working of lar^e pumps. 

It has an elegant appearance, and its motion is ma- 
jestic, as the motion of this form of engine should be ; 
but we are not at all sure that its action would con- 
tinue satisfactory for any length of time. Such con- 
structions must bo very accurately made, and carefully 
put together. 

Carrett, Marshall , and Co’s Steam-pumps^ Fig. 4079. — 

These machines consist of a steam-engine and a lift and 
force pump, with a plunger-piston, upon one frame. The 
kind represented in the figure, which is capable of rais- 
ing 10 cub. metres an hour to a height of 30 metres, 
consists of a vertical steam-cylinder fixed in the npper 
part of the frame, and driving a shaft carrying a fly- 
wheel, which, by means of a crank, drives the plunger- 
piston. The frame is erected upon the water-cistern, 
which contains reservoirs of air for the suction and the 
forcing. If the steam-engine is supplied by a special 
boiler, a small force-pump may be added (shown in tho fore part of tho figure) for the service 
of the boiler. All the parts are put together so as to occupy a small space on the ground. 

In another and smaller kind the steam-piston and the plunger have a rod in common, only 
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interrupted by a frame for the place of the crank which drives the fly-wheel ; tho reservoirs of air 
are in the columns of tho fruuio. These arrangements are adapted only to cases where the suction 
does not exceed 7 or 8 metres. In the case of a greater height, the motor must be separated from 
the pumn by lowering tho latter into tho well. 

Eartfs Steam-pump. — Mr. Karle, of Springfield, Massachusetts, has produced a pump. Fig. 4080, 
which is interesting from its thoroughly American simplicity and originality. Tho steam-piston und 
the plunger, both horizontal, 
are connected by a rod which 
iB common to both. Tho slidc- 
valvo consists of a simple 
cast-iron cylinder, perfectly 
balanced, which lets the 
steam alternately upon tho 
two faoes of the piston. The 
piston-rod is provided with 
a vertical piece, which, at 
tho end of each stroke, 
strikes against cleats upon 
the slide-valve rod, tho in- 
termittent motion of which 
is thus very simply com- 
manded by the motor. 

The particular arrange- 
ment of the slide-valve ob- 
viates tho necessity for a 
fly-wheel or any revolving 
part, thero being no dead- 
points; the engine is set in 
motion by simplv turning on 
the steam. we may add 
that tho various parts are 
arranged so as to do easily 
inspected, and the construc- 
tion of tho water-box allows 
of the valves being changed 
at pleasure ; the pistons have a metallic packing, and there is a reservoir of air. on tho top of 
the water-cylinder, designed to regulate the ascension. 

This pump is certainly a very remarkable one. Simplicity of construction, lightness, and con- 
sequently lowness of price, easy motion, suitability to a variable motion (a slow motion, however, 
gives the highest percentage of work); suck are the principal advantages which recommend it to 
the attention of engineers. 

We may here mention a ship’s pump, though this belongs rather to marine engines, exhibited 
in tho International Exhibition of 1867, and thero called a steam-pump of tho Forges etCbantiera 
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do rOceon. The arrangement of thin pump, as in the case of the foregoing, obviate® the necessity 
for a fly-wheel, or any other revolving port; hence great simplicity of construction and an incon- 
siderable weight. Two horizontal steam-cylinders act directly upon two water-cylinders, the 
pistons being connected by rods common to both. One of the steam -pistons is always in the middle 
of its stroke when the other is at the end of its stroke ; hence the two pistons command reciprocally 
their slide-valve* without the medium of eeceutrica or any similar contrivances. Besides this a 
certain regularity of motion is obtained. With a velocity of 100 strokes a minute this engine will 
raise GOO cub, metres of water an hour to a height of 15 metres. 

Farcofa Steam-pumps. — To show the nature of these pumps, wo will describe one used at the 
water-works at Angers, Fig. 4081. It is a vertical pump, the piston of which is connected directly 
with the piston of a steam-cylinder H above. The steam-engine is not shown in the figure, but it 
is of 45 nominal horse-power, and, at a speed of It; revolutions a minute, gives an effective work in 
water raised of 39 horse-power. 

The pump A is of single action in the suction and of double action in the forcing. This is 
effected by means of a double piston with a single rod ; the lower end is a hollow, clack-valve 
piston (diameter O'" '48), and the upper end, a plunger-piston, of a smaller diameter (0"*85). The 
common stroke is of 1“'20. During the descent the water passes through the lower piston and is 
forced by the plunger; during the ascent, there hikes place a sucking and a forcing of a volume of 
water depending on the difference of surface of the two pistons. The proportion between these two 
surfaces is calculated, regard being had to the heights of sucking and forcing, ao as to produce a 
work about equal to the ascending and descending. The other interesting ports of the machiuc are : 
a reservoir of air II placed upon the auction* pipe C ; a valve D which may be shut at pleasure ; a 
reservoir of air F upon the forcing pipe E, with a level indicator and a contrivance for supplying 
the reservoir with air; and a safety-valve <* with on alarm whistle. 

Another system of Far cot’s pumps is shown in Figs. 4082, 4083. This was erected a few years 
ago to supply water to the town of Lisbon. It includes two barrels or pump-chambers A, A', 
0*'45 in diameter, joined at the base by the vessel N. The two pistons B, 1)', have a stroke of 
0" ■ 15 ; their rods are con- 


nected by a cross-piece C, 
connected with the cranks 
upon the shaft of the driving 
wheel O by two connecting 
rods I), IV. Both pistons 
move together and in the 
same direction ; they are pro- 
vided with similar clack- 
valves, but opening inversely. 
During the ascending motion 
the piston B' sucks from the 
tank N, and forces the water 
above it into the air-reser- 
voir P, and from there to the 
works ; at the same time 
the piston B, having its 
valves open, allows the water 
coming through M to pass. 
During the descending stroke, 
the piston B sucks through 
the pipe M and forces the 
water beneath B', which 
allowB it to pass. This ar- 
rangement possesses the ad- 
vantage of making the water 
flow always in the same 
direction, which is not tho 
cose with common pumi*s. 
Tho principle is the same as 
that of Stolz's twin pump, of 
which we will speuk later, 
with this difference, that the 
pistons move simultaneously. 
There are no other valves 
than those of the pistons ; 
these are very large, to lessen 
the resistance to the pas- 
sage of the water. They con- 
sist of three parallel series 
of inclined traps, Fig. 4084, 
formed of ractallio plates p y 
lined with leather m on the 
closing side, and with india- 
rubber » acting as a spring 
on the other side ; the course 
of the traps is limited bv the 
stops q. The piston R' is 
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in every respect similar 
to B, but reversed. 

The effective work 
of this pnmp is great. 

For rates of speed vary- 
ing from 25 to 60 revo- 
lutions a minute, ex- 
periments have Bhown 
a mean of 0 • 60 of 
work. The percentage 
increased with tho 
height, and reached, 
for a height of 13 
metres, 0*74 for 45 re- 
volutions, and 0*70 for 
60 revolutions. Tho 
waste is from 2 to 10 
per cent. It will bo 
seen that the number 
of strokes may be nretty 
great, which renders a 
light motor sufficient; 
but the maker has been 
careful to choose a small 
stroke in order not to in- 
crease tho velocity of tho 
water at tiio expense 
of the useful effect. 

As a specimen of 
another kind, wo givo 
in Fig. 4085 a hori- 
zontal double - action 
pump, the piston of 
which is solid, but 
with inner gear. The 
cylinder, the clack- 
boxes, and tho nir- 
reservoir placed on tho 
top, form a single body, 
of cast iron, aud very 
compact ; tho four 
valves may bo easily 
inspected, and the form 
of all the parts is such 
that the water is not 
oompcllcd to flow round ^ ^ : f 

sharp angles, a condi- 
tion which lessens tho 
resistance. 



Ciirartf a Horizontal I*ump , 

Figs. 4086 to 4088. — This sys- 
tem of pump, which is designed 
to bo worked by an inanimate 
motor, comprises two horizontal 
pump-chambers with a single piston. Each of the chambers is with aingle action ; it is in 
communication with a double valve box situate at one extremity, into which the suction and 
delivery pipes open, so that tho piston, at cuch single stroke, sucks the water in ono cylinder 
and forces it in the other. The valves are well guided in their upward course, and they fall 
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by their own weight, assisted by the action of a spring above, tho flection of which may bo 
regulated at pleasure. The suction as well as the delivery tubes aro brought together upon the 
same conduit. Tho piston is a hollow cast-iron, or bettor, bronze cylinder, traversed from end 

to end by the rod. and having 

no external projection ; it has ' * JgL 

a diameter of 0 m 2i* and a 

stroke of 0 m * 52, The gear or j| Iff II 

leathering is on tho outside, 

which renders its inspection "y 

and repair easy. The whole * [of ) ol 

is erected upon a east-iron _____ ^ e ^ -in V V / / 

stand, on which are the piston- <jj^jwwmyiiim i J 1 ^: — ' 

rod guides and the plummer- L-» JvT ^g^al *»° 1 ’ B Op- -li t -j_ — —--t* IT J tzt 

blocks of the driving shaft. O) 83 r~~T ' I 

This pert is not shown in the *** ^ 1 \''r ■ n i *y,Z*L r t 

figure. The design and the \ “i ' ' jLi 

construction of this pump are _ \ nr! 'irv 

testu's pumps are well known, H " 



and have been used to empty docks, among other applications. Their peculiarity is in the form 
of tho piston, which, instead of terminating in plane faces, is composed of a copper cone pierced 
with holes, and covered with a piece of prepared leather rolled back upon itself aud replacing tho 
clack-valve. This leather opens daring the descent of the piston, and allows the water to poas 
through the holes, and closes, on the contrary, as the piston ascends. The pump is thus a 
single-action, suction, and lift pump; the stream which it supplies becomes continuous by 
employing two barrels, or a reservoir at the top. 

Experiments made at the Conservatoire des Arte ot BItftiors, gave 0*48 to 0*51 as tho mean per- 
centage of work; it reached 0-56 at low rales of speed; long strokes, with an equal velocity, are 
favourable to the useful effect. The waste, or quantity lost, is from 5 to 7 per cent, of the volume 
generated by the piston. 

These pumps possess advantages in many cases. The piston is less liable to choke than the 
common pistons when thick, muddy water has to be raised ; but the foot-valves at the bottom of 
tho cylinder, possessing no peculiar feature, may act badly and stop the working of the pump. The 
pistons seldom get out of repair, and when they do, the repairs are easily effected. This, with the 
little difficulty experienced in fixing them, explains tho very general adoption of these pumps. 
The arrangements for driving them necessarily vary with the use they are to bo put to, and also 
with their power. The largest exhibited in the Paris Exhibition was a double, vertical, chambered 
pump, the chambers 0**60 in diameter. The pistons were driven by cranks fixed upon two toothed 
wheels of the same diameter, driven by a single pinion. The motor was a steam-engine; a fly- 
wheel upon tho shaft of the pinion regulated the motion, and a reservoir of air in the middle keeps 
up a continuous flow. The quantity of water discharged was 400 cub. metres an hour. 

SiliuPa fvmpt . — This system, the invention of MM. Nilltis, of Havre, is commonly known under 
the name of tho Priest’s pump. The piston is replaced by a piece of flexible leather fixed by its 
edges to the sides of the chamber (enlarged at this point), and having in tho middle a button, to 
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which a rod and a valve arc attached. By communicating a reciprocating motion to the rod, the 
valve opens and shut* as the leather takes alternately a concave or a convex form, and the water is 
sucked up and forced out accordingly. These pumps possess the advantage of working well in 
thick, muddy water*. The useful effect, notwithstanding the diminution of friction due to the 
absence of a piston, does not exceed that of good common pumps. Experiments made with a two- 
chambered model, in which the leather was 0**6 in diameter and the valve O'" ‘15, showed a mean 
work of 0‘ 50. This percentage decreased as the speed increased, which is usually the case. 

Thirion*9 Pump , — This pump consists of two pnmp-chambcrs with plunger-pistons, the rods of 
which are actuated by a beam placed above, and supported by the air- reservoir. The beam is not 
symmetrical : one end is carried out and jointed to a connecting rod, which connects it with a fly- 
wheel that receives its motion from a portablo engine. Clearing is mode use of to diminish tho 
speed. The use of a beam that docs not rcccivo directly the force from the steam-piston seems to 
us objectionable ; it uselessly increases the weight of the machine, the various parts are not suffi- 
ciently compact, which renders a large frame necessary, and the fly-wheel is placed far from tho 
resistance, which is an irrational arrangement. 

JIcnry and J’cyrolles’s P umps . — Messrs. Henry and Peyrolles, successors to M. Stolx, of Paris, 
have made, in their twin pump*, Fig. 4089, a modification of the essential parts of a pump. This 
variety has two cylinders, and the pistons, which are hollow and provided with valves, move in 
contrary directions. The middle chamber, through which the water is forced, is in communication 
with the upper face of only one of the pistons. It will lie seen, from an inspection of tho figure, 
that the water, sucked up by the left piston, passes through it and then flows beneath the right 
piston, which forces it up into the middle chamber. Thus the water always flows in the same 
direction, and the resistances duo to a change of direction avoided. It is true that this advantage 
is lessened by the fact that the water has a longer circuit to make, by which the friction is 
increased ; but it may be driven at a greeter speed than the common systems. We do not know 
of any experiments made to ascertain tho percentage of work obtained from this pump. We will 
aftcak of tho rotative pumps of this maker further on. 
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The Cast raise Pumps, constructed by AIM. Sdvdtartr and F cures, of Ca*tr*s, Fig. 4090. — These are 
sucking and forcing, uouble-action pumps, with a single pump-chamber. The piston is leathered, 
but has no valves ; the pump- chamber, which is either vertical or horizontal, is enclosed iu a tank 
divided by a diaphragm perpendicular to the axis of the piston. The valves, four in number, are 
hollow india-rubber balls, weighted in the centre with small shot. They arc arranged in pairs in 
two lateral boxes, a section of which is shown in the figure, the lower valve serving for the sucking 
ami the upper for the forcing. Each half of the water-box enclosing the pump-chamber is in 
constant communication with the interval between the two valves of a box. In the figure the 
lower part of the tank corresponds with the valves represented. While the piston is sucking 
through one box it is forcing through the other, which is the case with all double-action pumps. 
The peculiarity of the Castraise pump is the use of the water-tank spoken of above, the effect of 
which is to render the volume of water contained in the pump much larger than the volume of tho 
cylinder; the consequence of this is that a portion of the water acted on by suction traverses 
the valve-chambers only, w ithout passing through the pump-chamber, the piston being, so to speak, 
always in contact with the same water. This arrangement enables the pump to work in muddy 
wuter by placing the piston beyond the reach of injury from tho passage of gruTcl, and so on. 
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Experiment* have given 0*56 os the moan percentage of work, the highest, for a low rate of 
speed, being 0*66. The waste or low of water was from 7 to 10 per cent. The action of these 
pumps, the form and dimensions of which vary with their application, is very satisfactory, and their 
cost is not great, in spite of their relatively great weight. The makers have added to their latest 
models an air-reservoir, from which they expect good results. 

Pcrrwux's Pump .— The essential character of Perreaux’s pump consists in the use of india- 
rubber valves, cylindrical at tho base and flat at the top, which gives them the form of the mouth- 
piece of a clarionet. Like this latter, they terminate in two lips which, under the influence of tho 
pressures resulting from the rising and falling of the piston, o|>en or close through the elasticity of 
the material. One advantage of this elasticity is that the solid matters brought in with tho water 
may pas* through without causing injury. The retaining valve is placed at the bottom of tho 
cylinder, whilst the other, suitably extended in a cylindrical form at it* base, forms a piston. The 
india-rubber is stiffened with ribs of the same material. The pump-chamber is of copper, and may 
be enclosed in wood. Tho upper part, which is closed, serves as an air-reservoir if the pump is 
simply a suction-pump ; if it is to bo forcing a* well, a small copper cylinder placed at the side, 
and also provided with an indift-rubber valve, form* tho air-reservoir. The various ports are easily 
taken to pieces. These very simple constructions may be mode of any form; they ore of great 
service for agricultural purposes, and whenever it is required to raise water loaded with sand. 
Muttc's follows Pump . — -xho necessity of keeping the leathering in a good condition in piston- 

C nmps has led to the adoption, for hydraulic purposes, of the principle, familiar to all, of a pair of 
ellows. Motte’s pumps, which are frequently employed to clear the water from excavations, 
consist of two iron plates put together with leathern sides in exactly the same way as a common 
pair of bellows. They are worked by means of a beam. We have no numerical data relative to the 
useful effect, but there must be a considerable loss of power due to the dead-spaces in which the air 
is compressed and expanded uselessly at each Btroke. These machine* ore well made, and they 
work very smoothly. 

Amandicf B il.incc-benm Pump. — This pump is similar in principle to the one described above. 
Two piece* of wood or plate iron, at an obtuse angle with each other and provided with valves, aro 
fixed to a kind of vertical iron benm oscillating about a lower horizontal shaft. A lever attached 
to the beam applies alternately the plates upon the openings of a cast-iron box at the end of the 
Buction-pipe. The plates and tho horizontal shaft ore wholly under water ; this prevent* the heat- 
ing of tno parts ana renders greasing unnecessary. Besides this, tho valves being always visible, 
may be easily cleared by the hand when impure water is being raised. This pump is simple and 
applicable to agricnltnral uses, or it may bo employed to clear away small bodies of water. It must 
be remarked, however, that it 
act* only by suction, and cannot 
be made to force, Bt least without 
introducing modifications which 
would destroy it* rustic character. 

Pig. 4091 represent* an excel- 
lent little pump for agricultural 
purposes. It is a Champonnoi* 
pump, and it* peculiarity consist* 
in its being double-actioned with 
a single pump-chamber. 

UnlimiUd l umps . — The name 
unlimited pumps has of late 
years been applied to a great 
number of apparatus for raising 
water from a depth greater than 
25 or 30 ft., beyond which point 
suction ceases. We shall not in- 
clude under this head the common 
plan of putting a suction-pump 
down a well at a sufficient level, 
and working it by means of rods 
or other contrivance*. This plan 
is constantly made use of in deep 
wells, and when the depth is very 
great, as in tho case of mine*, a 
number of pumps are placed one 
above another at different level* 
aud worked by a main rod. 

PrwJhumnu'’ a Pumps. — M. Prudhomme, the first’ to adopt the name unlimited, invented a 
system iu which columns of water circulating through pipes aro substituted for tho rods. This 
apparatus is composed. Fig. 4092, of two distinct parts ; one placed near the motor at any distance 
from the well, the other fixed at the bottom of the well, at 4 or 5 metres at the most from the level 
of the water ; these two parts ore connected by two conduit-pipes OP, R Q. 

The apparatus being filled with water, which may be easily done at first starting, suppose the 
piston C of the upper pump moved forward. It will force the water down the pipe O P, closing the 
valve o. The pressure will bo transmitted integrally to the piston K of tho lower apparatus; 
the two pistons K and L, fixed upon the same rod, will move in the direction contrary to that of O, 
and will force tho water up the pipe Q R, opening the valves s and q and closing t and r. As the 
compartments E and G have each a volume equal to that of the cylinder of the upper pump (an 
essential point), the quantity of water raised will be double that forced by tho piston C. Only half 
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of the total volume of water raised will go to fill the empty space B, whilst the rest will pass 
through the valvo p, and enter the pipe 8 T. When the piston 0 moves in the contrary direction, 
the some effects will be produced the other way, and a 

cylinderful will be raised at each single stroke. 40W. 

This pump has been applied to several mines of 
great depth. We do not know of any experiments 
mado to ascertain its percentage of work; out it is 
probably not lower than that of common pumps, tho 
friction of the water in the pipes being substituted 
for that of the long rods. It has, however, one grave 
defect; on account of the sndden change of direc- 
tion in the motion of the water at each stroke of the 
piston, ramming shocks are produced which, in a large 
pump, might cause breakages. To lessen the chances 
of accident, the two conduit-pipes must be fixed very 
rigidly, a condition difficult to fulfil in the case of great 
depthk 

LaburthPs Compressed-air Pumps , Fig. 4093. — M. 

Laburthe’s pump is an extremely simple one. The 
pump, which is placed at any distance from tho water 
to bo raised, consists of an air-piston moving in a cylin- 
der, which, by means of an iron pipe, is placed in com- 
munication with a box sunk in the well, and provided 



TT 


with a valve opening inwards. A second pipe goos from the bottom of tho box to the point 
where it is required to discharge tho water. By giving the piston an alternating motion, 
which is accomplished by the usual means, the compressed air in the abductor-pine forces tho 
water up tho aerending pipe until the box is filled with air at the pressure of tho ascending 
column. At this moment some more water must be let into the box, and to effect this a 
cock placed upon tho upper part of the abductor-pipe is opened. Atmospheric pressure is thus 
restored in the box, the water of the well flows into it through the valve, and tho same action is 
repeated. Care must be had to provide the bottom of the ascending pipe with a stop-valve. 
Besides this, the capacity of the box should be considerably greater than that of the ascending 
pipe, in order that it may not bo necessary to interrupt frequently tho action of the pump for the 
purpose of restoring atmospheric pressure in tho box. This condition cannot be fulfilled practically 
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except in the case of pumps that are required to give only n small quantity of water, such as those 
for household purposes. Obviously the action of tho pump is independent of tho depth, and it is 
sufficient to give it dimensions proportionate to the height to which the water is to be raised. 
This arrangement is simple, cheap, and convenient. It is to be feared, however, that the air-pump 
would require great care to keep the piston air-tight, a task of some difficulty in dealing with com- 
pressed air. The percentage or work must be very low, for, by opening the cock for the purpose of 
restoring the atmospheric pressure, an amount of work is instantaneously lost corresponding to that 
requisite to compress the air in tho box to tho pressure of tho oaccuding column. 

Some of tho machines which we have already described might bo ranged under the head of 
unlimited pumps ; such, for example, as Durozoi’s propeller and Bostier’s chain-pump. 

Hotary Pumps. — Revolving-piston Pumps , — As tho change of direction in the motion of the 
water, which takes place in common pumps at each stroke of tho piston, constitutes a defect that 
prevents the attainment of a high rate of speed, some engineers have been induced to substitute 
rotary pumps for them, in which this objectionable feature is absent. They consist, for the most 
part, ot a cylindroidal box in which revolvo one or moro pistons, which drive the water before 
them ; they arc provided with springs arranged so as to prevent communication between the inlet 
and the outlet pipes. Biota's pump, for example, is constructed upon this principle. It may be 
used for domestic purposes, on tho condition that only clear water is raised, and that the pump is 
well constructed. The percentage of work is usually low. 

Loclerc's pump, instead of revolving pistons, has two toothed wheels which gear into each other 
inside a box, and drive the water before them always in the same direction. Another system is to 
roll an india-rubber tube around the water-box, or, as it is moro usually termed, the pump-woll. 
This tube, which is full of water, is compressed by a roller revolving about an axis. This system, 
however, can be applied only on a very small scale. 

Thero are others belonging to the same order of ideas as the preceding, but they have all the 
grave defects of being complicated, expensive to ro{>air, and of little useful effect. For these 
reasons rotary pumps have been abandoned everywhere, except perhaps in America, where thoy 
have been moro successfully treated. One of tho latest improvements effected in this direction by 
the inventivo genius of the Americans, is Bchrcn'a Rotary Engine, Fig. 4094, made by the Messrs. 
Dart and Co., of New York, which possesses some original and novel features. The inventor 
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claims for it tho merit of being at once a steam or water motor, and a pump ; but it is os a 
hydraulic machine that it may be employed with tho greatest advantage. A cast-iron box or well, 
A, having internally the form of two portions of parallel cylinders entering each other (as shown 
in the figures), is in communication at B and D with the inlet and outlet pipes. Two parallel 
shafts, C, C', pass through the box, as well as two fixed cylindrical sockets, c, o' ; these shafts bear 
on tho outside a spur-wheel of tho same diameter, so that they turn in contrary directions and 
with the same velocity. Upon the shafts are fixed two pistons, E, E', having the form of portion of 
a ring concentric with the shaft and the face of the box A. The outer ana convex face of these 
pistons rubs against tho face of the cylinders A, and their lower and concavo face slides upon tho 
fixed shaft-sheaths c, c*, which are grooved to prevent the water from passing directly from B to D 
without impeding the revolution of tho pistons. If the machine is to raise water, one of the shafts 
C, C\ is set in motion, and, as one drives the other, the pistons E, E\ are moved in contrary direc- 
tions. By referring to tho figures which represent two different positions of the pistons, it will 
be seen that the water entering through B will pass alternately through the annular spaces a 
ami a', and will be seized sueeewHively by each pi&ton during half a revolution, whilst the other 
piston, as it continues to revolve, will act as a check. Wo have here supposed the water to enter 
through B, because the figure may represent the machine employed ns a motor ; but it is obvious 
tliat if the direction of the motion is changed, the water entering at O will ascend through tho 
pipe B. 

It is not our business to examine here the value of this machine os a motor, still less os a steam 
motor ; but os a pump it is very serviceable. It is simple, it fills only a small space, it may work 
with a high velocity, and it gives, without an air-reservoir, a continuous jet. It must, however, be 
made and put together very carefully. It would be interesting to know its percentage of work, 
but wc have been unable to obtain information on this point. Wo know only that in Amorica it 
is employed in breweries and sugar-works, where it may be used to raise thick and hot liquids, on 
the condition, no doubt, that there be no suction of the hot liquids. 
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Centrifugal Pumjts. — Tho idea of employing centrifugal force to raise water is of considerable 
antiquity ; but Appold was the first to construct machines conveniently founded upon this 
principlo; and bo scientifically were his machines devised that even in the present day the best 
are those which most nearly resemble his model. 

Centrifugal pumps are really water fans, formed of straight or curved blades, turning rapidly 
about a vertical or horizontal axis, and enclosed in a box. Tho water, entering through the 
centre of tho wheel, is driven by the blades towards the circumference, and thence forced into 
tho ascending pipe. At the same time the outward flow of the water causes a diminution of 
pressure about the axis, and this brings up the water from the lower reservoir. The height 
to which tho water will ascend increases with the velocity of rotation. A simple calculation 
will show the relation between these two quantities. Calling the velocity in metres a second 
at the end of the blades V, tho extreme radius of these blades K, the number of revolutions 
a minute N, the weight of tho water passing a second P, and the height of elevation H, we 
find (cither by the expression of the centrifugal force, or by that of the via viva due to tho 

P V* 

velocity V), neglecting the friction, that the work developed is . This work, multiplied by 

the coefficient of tho percentage of work, must be equal to the work effected, say P H, 

pv* 1 

K — — = PH ; whence H = — K V* = 0*051 K V*. If it be required to introduco the number 

2 g 2g 1 

of revolutions into the formula, V = — — ; whence H = 0 * 00056 K It* N*. Experiments have 

w 

given, in the best centrifugal pumps, K = 0*65 ; whence we deduce 
H = 0*034 V* = 0*00056 R*N*. 

Appold’s formula is V' = 550 -f- 550 */H', V' being tho velocity at tho circumference in 
English feet a minute, and H' the height also in English feet, which gives, os the velocity in 
metres a second, H being also expressed in metres, V = 0®*84 -f 4*98 VH ; tbo formula which we 
have established above leads to V = 5*42 These two values of V agree sensibly for the 
ordinary values of H. 

It is obvious that tho velocity of these machines is necessarily great; they are therefore 
especially suitable for raising large volumes of water to a small height. An increase of velocity 
may either raise the water to a greater height, or increase the discharge. 

The height of suction should be small, because the ascent of the water being duo to the excess 
of atmospheric pressure above tho pressure at tho centre of tho wheel, this excess must impart 
to the water a velocity sufficiently great to satisfy the discharge. If this condition is not fulfilled, 
the water does not enter in sufficient quantity, the machine gets out of water, and of course ceases 
to work. When circumstances will allow of it, it is well to avoid suction altogether, by placing 
tho pump beneath the level of the lower reservoir: in which case tho velocity of rotation may be 
increased without emptying the pump. 

To utilize satisfactorily the motive work, tho water must hove a low velocity in the inlet and 
delivery pipes, and a high velocity in the wheel only. Tho form of the blades shonld be such that 
the fillets of water may enter them almost without shock, and especially nearly tangentially to tho 
outer circumference. This condition can lie realized only by means of curved blades ; a fact that 
was proved by experiments mado in the London Exhibition of 1851, when wheels with curved 
blades, with straight blades inclined upon the radius, and with straight blades radiating from the 
centre, were successively placed in tho same machine. The percentage in each of these cases for 
a height of from 15 to 18 ft. was 0*67, 0*42, and 0*24. 

It is also necessary that the water, in passing from the very low velocity which it lias at the 
centre of the wheel, to tho high velocity of the circumference, should traverse gradually- 
diminishing sections. In the same way tho 

sections of passage must increase from the 4CM. 

point where the water issues from the blades 
to the ascent-pipe. By thus making the 
sections inversely proportional to tho velo- 
cities, the eddying and whirling, which 
absorb a portion of the work, are avoided. 

Tho first result may be obtained either by 
varying tho thickness of tho blades so as 
* to give their concave side a different form 

from that of their convex side, or, as in tho 
case of Lloyd's fan, by making the blades 
of a uniform thickness, and by diminishing 
their breadth from tho centro of the wheel. 

Tho blades arc in this case enclosed bo- 
tween two lens-shaped covers widening 
towards the centre. 

We will examino hero some of tho best 
models. 

Neut and Dumont' t Centrifugal Pumps . — 

These closely resemble Appold's type ; the 
water brought in by the conduit-pipe C, 

Figs. 4095, 4096, at the height of the axis, 
separates into two currents d that lead it to 
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the centre of the wheel, which is 
formed of two cheeks 0, between which 
are the blades ce; some of these reach 
to the nave and are fixed to it, their 
breadth diminishing from the centre 
to the circumference. Somo circular 
partitions force the water issuing 
from the wheel to follow an annular 
conduit K, the section of which in- 
creases progressively up to the ascent- 
pip** 1) ; this partly realizes the con- 
ditions indicated above. Tho body is 
formed of two symmetrical pieces 
bolti-d together ; it is traversed by 
the horizontal shaft X which posse* 
through stuffing boxes and carries the 
transmission pulley G. Tho whole 
rests uja>n a single ls d-plute I. Tho 
funnel J serves to fetch the pump 
at starting. The orifice K' gives an 
outlet to the air which may lodge itself 
in the upper portion. To prevent tho 
air from getting through the stuffing box, tho latter is put in communication with the delivery 
column by means of a pipe constantly filled with water ; and, in cuse the air should get 
into the centre through the suction-pipe, in order to fetch the pump again without stopping 
it, two boles are provided which put the centre of the wheel in communication with tho interior 
of the chamber into which the water is forced; this forces the air to escape. 

During some experiments made to ascertain the percentage of work, one of these pumps, 
having a diameter of wheel of 0“ - 300. with suction and forcing orifices 0“*250 in diameter, 
raised 138 litres a second to a total height of 5® -50; the velocity being 500 revolutions a 
minute, the mean percentage of work was 57. 

Centrifugal Pumps of Messrs. 0\ tynne and Co., of London . — These complete and powerful pumps 
were originally constructed with straight blades, radintiug from the centre and provided with 
a circulation-pipe ; but the percentage of work was very low, only 10. I alter, profiting by tho 
lessons taught by tho Exhibition of 1851, they modified them in the direction of Appohl's plan, 
by curving the end of the blades so as to bring them almost tangentially to the circumference of 
the disc. This is shown in Figs. 40U7 to 4100, which represent u pump of 0**460 in diameter. 
The water entering through H, sejiarates into two currents 11' and II", which enter through tho 
centre of the wheel K\ K", to iasuo through the circumference and flow thence to tho pipe Z. 
The blades, six in number, only three of which reach the nave, are of coat iron 14 millimetres 
thick, curved and bevelled on the outer circumference so as to be ouly 1 millimetre thick at tho 
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end. They are also a little rounded where the water enters, but they remain normal to the nave ; 
this lessens the useful effect in conBeauence of the shocks of tho water. The breadth of the blades 
and their envelope, at first uniform, aecreasrs afterwards up to the end, so as to produce a section 
vailing in an inverse direction to the velocity of the water at different distances from the centre. 
On issuing from the wheel, the water first passes through an annular space which takes it to the 
delivery-pipe. A diaphragm G prevents a partial return of the water into this annular space, ami 
an orifice furnishes an outlet to the air which tends to collect ut G. 

This pump was subjected to experiments at the Conservatoire des Arts et Metiers at Paris, for the 
purpose of ascertaining its percentage of work. The diameter was 0“*400. The height of aspira- 
tion was O 0 '- 80, and the forcing height 0 B, ’50. The number of revolutions varied from 630 to 700 
a minute. The maximum useful effect was 0-52. corresponding to 670 revolutions, and to 7 litres 
of water raised by each revolution. Tho minimum was 0‘ 32, corresponding to 640 revolutions and 
4 75 litres a revolution. The gross mean may be 1 fixed' at 0'45. 
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Coignard and Co.’s Centrifugal Pumps, Fies. 4101, 4102. — In these pumps, Messrs. Coi guard and 
Co., of Paris, have substituted for the blades in Appold’s machine, two revolving pieces A, which 
they call screws, placed symmetrically upon the spindle D. Tho water, brought through tho pipo 
L O to the centre of tho wheel I, passes through the orifices F into the screws, which impart to it an 
increasing velocity up to the circumference at Q ; thence it flows through the conduits M into the 
common ascending pipe N. Tho small orifices a afford an escape for tho air which may collect at 
the top of the pump. The form of the screws is such that the section of passage decreases from tho 
centre to the circumference, and increases from the issues M up to the delivery-pipe, so as to vary 
inversely with the velocity. This condition is favourable to the work of tho pump, as we have seen 
above, but the sharp angles, os G, e, M, must cause a slight resistance. Tho construction of theso 
pumps is certainly good; tho axis passes through two stuffing-box glands P, the pressure of which 
may be regulated at pleasure. The whole rests upon one bed-plate. 


4101. 



Centrifugal pumps aro very serviceable when the height of ascension is not great. They possess 
the advantage of being adaptable to a varying discharge, and even a varying height, a change of 
velocity being all that is necessary to render them adequate to the case in question- They are easily 
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erected and removed, and the absence 4iQX 

of valve*, except the foot- valve when T~n JKC1 

there i* suction, renders them capable u ij m 

of raising dirty water. They always \ B /j B 

rcnuire an inanimate motor. Their j j B 

chief defect is their great velocity, VrW / j B 

which cannot bo increased aliove a cor- / j M 

tain limit without injurv to the stuffing \^- 

of the axis. Attempts nave been made 

to overcome this difficulty, in cases of a Mf 

great height, by placing several centri- M 

fugal wheels upon the same spindle, the a j 

water forced up by the first entering into B //// 1 

the axis of the second, which takes it a f / // i 

up to the third, and so on. The oonse- jf (Iff / i 

quence of this is, that the increase of B j)f(f M Wh\ 

pressure produced in each wheel is B 

added to the others, and that the final Bl| 7 (of j 

pressure for a given velocity increases BytjJ r^f- — j ]4f 

with the number of discs. This in- w";l " \<vv ! yp- ; / n 

genious idea was first applied by John Ik'A lj j 

Gwynne; he succeeded in this way in \BL\ jh : 

increasing the height of elevation with- ® j /Jfj N 

out increasing the velocity of rotation, . j ffrf L. 

but at the cost of useful effect. There i 

was a loss of work in passing from one f | j 

wheel to the other, on account of the 

sudden changes in the sections of pas- H j jj 

sage, and in the direction of the plan of aL-ri — ^ - ~ T - ' ' ' U- — i-aJ 

the water. M. Girard has improved 

the construction of this machine, and named it the u Lifting turbine,” drawings of which are given 
in Figs. 4103, 4101. It consists of a number of similar wheels, placed one above another and 
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fixed Upon a vertical spindle, the whole being enclosed in a cast-iron earning forming partitions 
between the wheels. The water entering through A is sucked up to the centre, B, of tho first 
wheel, and driven along C D up to the centre, 

K, of the second, which in its turn drives it 
along B' D\ and ao on up to the delivery- 
pipe E. The curves of the blades and of tlm 
envelope, or casing, are carefully studied, with 
a view of making the sections of passage vary 
progressively, according to tho velocity which 
the water is to have in them, and so to lessen 
the effect of the sudden changes of direction 
and of velocity. Each wheel contains ltd 
curved directrices, B, rorrciqmtuling to which 
are 12 channels, C. As details of construe* 
tion, we may remark that the arrangement of 
the pivot and collars of the spindle is siicli 
that they may Imj regulated at pleasure; that 
the tube placing the delivery-pipe in commu- 
nication with the suction-pi|»e is intern In I to 
prevent the pump from gotting out of water 
in consequence of the entrance of air, and 
that the rose T at the end of the suction-pipe 
is for the purpose of keeping out solid matters, 
which might cause a breakage. 

Experiments were made w ith this machine 
at tho 0>nservatoin? dea Arts et Metiers, 
at Paris, the height of suction being, in 
this ease, l"* *74, and the height of delivery 
varying from 4 to 10 metres. The following 
are the means of the results obtained from a 
model constructed with the latest improve- 
ments in details : — 


Number of revolutions a 1 ^qq ^ 
minute / ’ 

metres. me’ re*. 

Height of delivery 4 4 20 7 

Volume of voter nleed j 2800 u , 1000 ]itre& 

a minute J 

Percentage of work .. 0*25 to 0*40. 

These figures show that, for a 
height of delivery, the velocity is considerably 
less than that of a centrifugal pump with 
one disc; but this advantage is obtained by 
a loss in the percentage of work, and it mist 

be folded that the machine U heavier, ami u , r ough the mw. 

consequently more costly and less convenient. 

The India pumps, designed and manufactured by Merrvweather and Sons, Loudon. These 
pumps are termed India pump* because they are much employed in India. 

Fig. 4105 is a side elevation of this pump, with the puiup-lsim-l, valves, and suction-breech 
in sections. Figs. 4100, 4107. A is a stout cast-iron fly-wheel, which is the only piece of cast iron 
about the whole machine ; It is the copper delivery air-vessel, which steadies the stream of water 
when pumping through a hose, if used ns a fire-engine, or when used as a pumping engine prevents 
concussion in the discharging main : C is a copper suction air-vessel placed iD the suction-breech 
of pump; D, pump-barrel, of which there afe two ; K is the valve-chamber at lower end of pnmp ; 
F is the door of the valve-chauiber, with a sto|epiece to regulate the lift of valve in suction ; G is 
a copper puinp-rnd, connected at lower end to the spindle-bucket, and at upper end to the kite ; 
H is the passage from breech-elm m her to suction air-vessel; I is tho suction-breech of pump; 
J is the suction spindle-valve complete, with its valve-seating arranged so that the whole can bo 
taken out of the pump in one piece if required ; K is the bucket fitted with spindle-valve and 
leather cup, L ; K is the crank of motion, working on gun-metal b» arings, and mounted on 
wrought-iron cross- bearers bolted to framing; M, the delivery-piece of pump, to which either 
dangl'd pipes may lie attached for filling tanks or u screw connecting- piece to receive hose; N, tho 
wrought-iron kite motion to which connect tho guide-rods at top and the pump- rod at bottom; 
O is the gun-metal cover of pump, fitted with stuffing gland and nut; P P, the wrought angle- 
iron frames carrying the whole of tho machinery. 

Fire-empnes . — Though fin-engines are a kind of forcing pump, yet they differ from this latter in 
the conditions which they have to fulfil. Iu the oommou forciug pump, we give to tho water the least 
velocity possible, in order to utilize to the fullest extent the motive |Kiwt*r employed : but in the cose 
of a fire-engine, on tho coutrnry, velocity is the chief object in view. The water has to be thrown 
to a great height, and in such a way that the jet may overcome the resistance of the air w ithout bciug 
divided into spray too soon. The velocity of issue, for giveu dimensions and number of strokes, 
depends on the diameter of the orifice of the spout-pipe, ami this diameter must be made ••ropor- 
tionate to the volume of water to be thrown, and to the distance or length of jet. In 1862 £pori- 
monts were made in London for the purpose of ascertaining the infiuence of the siz* He jet 
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upon its efficiency. These experiments, made with some English pumps and a Letestu pump, led 
to tho conclusion that a largo diameter at the end of tlfe spout-pipe is favourable to the effect which 
it is required to produce, namely, to throw the water to a great horizontal and vertical distance 
without losing any of it. Thus the English pumps, with an orifice of 20 or 22 millimetre* in 
diameter, were effective at a distance one and a half times greater than that of the French pump 
with an orifice of 14 millimetres, and the ratio of the quantity of water utilized to the quantity 
thrown from tho spout-pipe was greatly superior for the former. We have no figures relative to 
the 1 0 >jrk of a fire-engine : but the matter is not one of great importance. Probably 30 per cent, 
would not be far wrong for the beat-made engines. 

Steam fire-engines were first used in America. A capital point in this kind of engine is the 
necessity of having a boiler capable of prodneing a sufficient quantity of steam in the least possible 
time, and to this point makers have chiefly directed their attention. 

Lee and Lamed? a Steam Fire-engine . — The Messrs. Lee and Larned, of New York, were the first 
to construct an engine of this kind. It is provided with a vertical boiler similar to Field’s system, 
that is, famished with vertical water-tubes closed at tho bottom and in communication at the top 
with the principal body. These tubes are placed in the fire-box, which is itself surrounded by 
sheets of water ; concentric with tho first are other tubes, open at both ends, which keep up, in 
consequence of tho decreased density of the heated water charged with steam, a very active 
circulation, and consequently n rapid vaporization. The pump is rotary, and is driven by a steam- 
piston having a reciprocating motion ana a short stroke. Two fly-wheels served to carry the pump 
over the dead-points ; tho whole machine fills only a small space, and it works at a high rate of 
speed. The engine, with its frame, is carried upon four wheels; the boiler rests directly upon the 
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back axle through tho me- 
dium of a spring; tho re- 
mainder of tue engine rests 
upon the fore axlo by means 
or two springs. 

Madeline s Steam Fire-eu- 
gine, — To the Messrs. Maze- 
line, of Havre, is duo a modi- 
fication of Lee and Larncd’s 
system. In tho place of 
rolary pump, they have sub- 
stituted two horizontal water- 
cylinders, with plungers 
driven directly by two pis- 
tons. The common stroke 
is 0 m '220, the diameter of 
the plungers 0 m- 152, and 
that of the pistons 0" l *236u 
The valves are worked 
directly by rods, without tho 
medium of ween tries. There 
is no fly-wheel, nor anv re- 
volving parts. The boiler is 
vertical, and has a heating 
surface of 22 square metres. 

Ste-nn Fire - engine* of 
Afcrryvxather and Sons , £Vi- 
gineers, jAtndon, Figs. 4108 
to 4112. — Merryweather’s 
leaser pnginea comprise a 
horizontal double - action 
pump worked directly by 
the steam piston-rod T, Fig. 
4110. The slide-valve is 
worked by the piston-rod. 
and there is no fly-wheel. 
The l>oiler, which is placed 
behind, is one of Field’s 
system. Fig. 957, like thoso 
of tho American engines. 
The whole rests upon a strong 
iron frame supported upon 
wheels by means of springs. 
Scats for the firemen aro 
placed in front, and a reser- 
voir of air completes tho 
engine. See Engines, \ a- 
bi ktiks op, p. 1429, Figs. 
2729 to 2732. 

Tho large engines of 
Mcrrywcftther are the same 
in design, but double. They 
contain two horizontal 
direct -action water -cylin- 
ders BB, Fig. 4109, and 
tho same number of steam- 
cylinders. The distribution 
nf the steam is effected as in 
the small engines, by means 
of the rods ; there is no fly- 
wheel. The boiler, as in 
the former case, is ono of 
Field’s, and may be fed 
either by a Gifford injector 
or by a small pump, which 
is preferable. 

The point* to bo remarked 
in these engines aro the good 
construction of the boiler, 
which is capable of getting 
up steam iu a few minutes 
while on the way to tho fire, 
tho suspension combined so 
as to cause but little oscilla- 
tion, the long stroke of the 
pistons and the largo volume 
of water thrown at a stroke, 
which allow of a reduction 
in the velocity. 

At the Paris Exhibition 
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cif 18f»7, experiments were made with the engines described above, find one of Shand nnd Mason’s 
engines. The water was taken from the Seine through n a action-pipe 2“'W long, the delivery 
Wing 100 metres. The lighthouse served ns nti object to measure the height of the jets by. The 
boilers having been filled with cold water, the fires were lighted. In 10J minutes, Merry weather*® 
boiler reached a pressure of seven Atmospheres. The engine was then started, nnd the pressure 
having increased, maintained itself for an hour between eight and nine atmospheres. 8bnnd and 
Mason’s engine was 10 minutes in getting up stunm, and the jet was irregular, esjiecially at 
starting. One of Mitzcliuo’s large engines was then tried against a 8hnnd and Mason ; the 
former was unable to keep up the pressure, and the latter worked badly. On the following day, 
Merry weather's large engine worked alone throughout thu whole day, and in a very satisfactory 
manner. It threw the water with great regularity either in one jet of 45 millimetres or in four 
jets of 25 millimetres. We have carefully examined most of the hydraulic machines, termed steam 
fire-fjngines, employed in Europe and America to extinguish fires; each of those machines poasosae* 
one, two, or more peculiar {mints of excellence, hut the only engines that satisfy all the required 
conditions art* those of Merryweather ami Sons, of Imndon. These engines can remain longer 
neglected ami nut of use, without impairing their action, than any other fire-engine which we have 
examined; this essential property is often overlooked when tho relative merits of these hydraulic 
machines are being compared. 

Figs. 4109, 4110, are sections of one of Merryweather*! improved double-cylinder steam fire- 
engine pumps, with doors placed at ends, so that the valves fend their seatings can be drawn out iu 


4109. 



a few minutes in their entirety. The valves nnd wutcr-]>assnges aro below the pump-barrels, ami 
ns the pump is entirely empty when the pum > is at rest, there is no fear of its being affected by 
the frost. Another point of advantage in this class of pump is that the barrels will work both ioul 
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and gritty water without injur)’ ; throughout the passages are very capacious, and being unobstructed 
by gratings will pass muddy water, sea-weed, or any other foreign matter that is in the water. 

The pistons of this class 

of pump are self-lubri- 
cative.atid seldom want 
attention, if any; and 
this is a feature that 
has never before been 
obtained in double- 
acting pumps. 

A, Fig. 4109, is the 
delivery of pump; 13 13, 
pump-barrels; C, the 
suction-inlet of pump ; 

I) D, tho suction - 
valves : E K, the de- 
livery - valves. The 
body of the pump is of p 
one entire casting, ami 
of gun-metal. 

In Fig. 4108, V 
shows the position of the 
valve, of which Figs. 

4109. 41 10, are sections; 

A, Fig. 4108, is the air- 4 H 2 . 

vessel. Tho piston T, Fig. 4110, 

moving in the direction of tho arrow, q 

half its stroke being made ; the valves ^-^ 33353 ^ — . 

U, Q, are open, and R and 8 closed. ^ 1 * 

The valves Q, U, are closed and R, 8, ju u V / 

opened when the piston T makes its j if \\ * / 

return stroke, hut the delivery, " ; \ m I !{ fl / £■ 

through P N, is continuous and in the |>| rpn V Jj / 

direction of the arrow N. O, Fig. 4110, ~t?J tOl // 

is the passage-pipe to the air-vessel A, _ \ 

Fig. 4108. The valve -cover and the • p- w 

supports I* M, art* cast in one piece. / c ^ 

In our article. Engines, Varieties of, f nV ^ 

p. 1430, we referred to Merry weather’s H ( D J \ 

valves. Figs. 4111,4112. V \ rf 

Fig. 4111. A A are the openings \ J - A_ Li _lb 

from the valves to pump-barrel ; 13 13 '** 

are the screws for holding the valves, LfM' £' jfk*s \ 1 | 

and adjusting the sanu? : D D are tho || /lyf b fl C ; j 

disc lip suction- valves of Field ; P is | ” 

tho discharge or outlet passage from p lr-yy j 

pump ; 8 the face of cover for side sue- 

tion ; T, suction -passage ; V V, sue- j v " T p 

t ion -passage leading direct to valves; ft?) ] £§J UL 

W, bracket for fixing pump ; Z, sue- ^ y^/ Lli 

tion-flange. 9 

Fig. 4112. a, a, the india-rubber 

disc lip-valve of Field; 6,c, gun-metal guide for valve; D, suction- valves : F, flange or log for 
fixing pump to frame; G, water-passage ; g, bracket for fixing pump to frame; II, A, auction and 
delivery covers; M. the screw for holding valve, and adjusting the same; N, angle-iron frames, to 
which pump is bolted ; P, suction-passage ; Q, delivery air-vessel flange ; 8 is some as M ; X. body 
of the casting of pump; S', delivery-passage. 

Centrifugal Pumja, Figs. 4113 to 4121, 0 / John and It. A. Gicynne, of Hammersmith .- — Of all the 
centrifugal pumps, and they are not a few, these we select as they are very durable and meehani- 


We take tho following description from the specification, 30 July, 1868, of John Gwynne and 
Henry Anderson Gwynne. of Hammersmith ; — 

The improvements in the construction of centrifugal pumps. Figs. 4113 to 4121. consist in the 
making of the impeller without tho usual discs or side pinto*. This impeller Messrs. Gwynne 
prefer to make of cast steel, thus forming a much lighter and equally strong motor. This form of 
impeller is especially adapted to tho form nud construction of centrifugal putnjut ordinarily made 
by this linn. 

In order to vary the speed lwitwecn that of the engine-shaft and the centrifugal pump, the in- 
ventors propose to employ a novel arrangement and construction of frictional wheels with one square 
or angular-shaped groove in the one nud corresponding projection upon the other fitting into tho 
aforesaid groove, the amount of friction between the wheels being regulated in the following 
manner; — The wheel with the square or angle-shaped groove is divided into discs, and when in 
working order these disc* are tMqmrnted from one another a short distance, and held in that position 
by bolt* and nuta, or a traversing central nut. When from any cause it is required to vary tho 
amount of friction between the wheels, the bolts holding these discs are tightened or slackened 
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accordingly ; or, in other word*, the latenU distance between the se discs is varied. If preferred, 
the wheel having the projection may bo similarly varied, or each wheel may have grooves and 
projections upon their faces alternately. There may be several such discs or grooved and beaded 
wheels mounted on the same shaft or shafts at any convenient distance apart. These wheels may 
be nsod for driving other descriptions of machinery, and employed for the purpose of transmitting 
motion. 

For the purpose of condensing the exhaust steam of the engine working the pump, the inventora 
make the suction or delivery pipe of the pump, for a certain portico of its length, of thin metal, and 
enclose this length within a casing of greater diameter than the pipe, so that an annular space or 
chamber is formed by closing it at each end. This annular space or chamber forms a condenser 
for the exhaust steam from the cylinder of the engine, which, upon being caused to pass into it, is 
immediately condensed by contact with the cold metallic surface ; — maintained cold by the circulation 
of the water passing through the internal pipe. An air-pump is fitted to this annular condenser 
in the usual manner, or this WBter may be removed from the condenser by having a vertical pipe 
leading downwards of sufficient length, a steam trap being placed at the bottom of it, or by a pipe 
leading into the suction-pipe of pump, a vacuum being formed by the velocity of the water. If 
preferred, the condensing chamber may be enlarged and the inside pipe perforated so as to condense 
the steam more rapidly, a combination of the water-jet and surface condensation being effected 
within the same vessel ; or the exhaust steam may he blown directly into the discharge or suction 
pipe of the pomp. The pipe of the centrifugal pump, where used as a condenser, may be corru- 
gated or fluted to expose a larger surfaco or area, or the suction-pipe may be enlarged and two or 
more pipes introduced therein. This condenser or a second condenser ui*»n another portion of the 
suction or delivery pipe of tho centrifugal pump may be used for the purpose of condensing 
the steam of any other engine conveniently near, instead of, or in addition to, the driving engine 
employed for working the pump. This form aud arrangement of surface condenser is also appli- 
cable to the pipes of any other pumps and to other hydraulic machinery, through which or by means 
of which a considerable current of water is produced or set in motion. 

Fig. 4113 is a side elevation, and Fig. 4114 a front sectional elevation, of the disc or impeller A, 
which in this case has six Arms B, bnt any other number of arms may be employed ; these arms 
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prefer to make tho entire impeller or disc of one casting. Figs. 1115. 4110, are side and front 
sectional elevations respectively of the pump casing E, with the impeller or disc A fitted in position ; 
F F are the suction-passages which branch off from the suction-pipe G at the point </. To prevent 
any obstruction to the water this bottom part of the casing E is thinned off to a knife-edge, os 
shown at »j, and a space is left between the passage and the case to carry the suction-pipes F F over 
the enlargement of tho discharge- passage iu a straight line to the ojtening* in the centre of the 
disc A, at which point they curve into the top of these openings. The discharge-passage is sprung 
from the periphery of the disc iu the form of a helix or volute, commencing at the top of the case r, 
and gradually increasing at c\ until at t m it reaches the full size of the discharge-pipe. That 
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part of the pnmp casing E which contains the impeller A is made of the samo shape as the profile 
of tho impeller, and similar in section, and of just sutlicient size to permit the impeller to revolve, 


4115. 



as shown in Fig. 4116, 
the bearing rings D 
being accurately fitted 
to the turned recesses 
in the casing. Uy this 
means the usual side 
plates on the discs of 
centrifugal pumps nro 
not required, the pecu- 
liar form of the pump 
casing, as hereinbefore 
described, acting in 
the place of such 
plates, consequently 
the friction of the 
disc A is very much 
reduced, as the disc is 
accurately fitted on its 
spindle, and the bear- 
ing surface for the 
ringB D, as well as the 
sides of tho case, are 
carefully turned so 
that the arms fit, bnt 
without actual con- 
tact. 

Figs. 4117, 4118, 
illustrate the second 
part of this invention, 
namely, an improved 
description of fric- 
tional gearing for 


4118 . 
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driving centrifugal pumps or other machinery. Fig. 4117 is a cross-section of two wheels, or 
wheel and pinion, fitted according to this invention. In this case the larger wheel U has a 
projection h formed upon the periphery fitting into n recess of similar shape in the smaller 
wheel, or pinion, I I 1 . This pinion is made in two parts or halves; one half, I, is cast solid 
with the boas of the pinion, this boss being turned on its outer side to receive the other hnlf of the 
pinion I 1 , which is accurately bored to fit the boss ; the shoulder i is also turned to fit the recess 
lortned upon the other half, I, of the pinion to give greater steadiness. This pinion is carried on 
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tlie shaft hr means of one or 

more feather*, *o that it is free 
to elide lengthwise upon the 
shaft. In order to adju&t the 
friction between the wheel 11 
and pinion I I 1 to any desired 
extent, a screw it cut upon the 
bow* of the pinion, upon which a 
nut K is fitted, the inside of 
which boars against the half I 1 
of the pinion, and consequently 
increase* the press ora of the 
angular sides of the groove 
against the similar sides nf the 
projection ft upon the wheel H 
to any desired extent. The nut 
K is formed with a ratchet upon 
the outer edge, a* shown in Fig. 
Ill*, ii it’> which n |i:i v. 1 I. 
works, and prevent* the nut from 
slackening. This ratchet may 
be divided into any number of 
teeth, so that the nut may be 
held in any desired portion nf a 
revolution, thereby obtaining 
groat fineness of adjustment. 
The nut K is provided with 
holes k for the purpose of tight- 
ening or slackening it as may be 
necessary. 

The third part of this inven- 




tion is illustrated bv Figs. 4 119 
to 41*21, and consists of a novel 
arrangement of condensing ap- 
paratus for the purpose of con- 
densing steam and adding to the 
power of the engine by bringing 
to the aid of the moving piston 
the vacuum produced by the con- 
densation aforesaid; this is ef- 
fected by utilizing the cold water 
leasing through the suction or 
delivery pipe of a cold-water 
pump. In Figs. 4119. 41*20, two 
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method* of accomplishing the foregoing object* ore illustrated. One of these method* consists 
in forming the suction-pipe of thin copper or other rapid heat-conducting metal or material for a 
portion of its length at M, immediately outside which another pipe or casing N is placed so much 
larger than the inner one M as to leave a steam space between them. The pipes aro connected 
together so as to form a steam-tight chamber. The exhaust-steam pipe m from the steam-engine or 
from any vessel from which the steam to bo condensed has to be discharged communicates with 
this chamber, which is kept constantly cold by the rapid circulation of the water passing through 
the suction-pipe M, and the steam is thereby condensed. An air-pump communicates with the 
chamber in this instance by means of the pipe n, as shown in seclion in Fig. 4120, for the purpose 
of working the condenser in the usual way. When the casing is placed sufficiently above the water 
level to enable the condensed water in the casing to overcome the force of gravity, or, sny, more 
than 27 ft- of fall or height of column, the air-pump may be dispensed with, as tho water will 
run away by its own gravity. 

Another mode of applying this invention is shown at 0, Figs. 4110, 4120. In this case the 
condenser is fitted to the delivery-pipe of the pump instead of to the suction-pipe as before, and 
illustrates a method of obtaining on increase of the condensing surface in a convenient way, 
and thereby shortening the length of pi|>e required for this purpose. The delivery-pipe O has two 
casings or pipes F Q fitted around it in a similar manner to that just described with respect to 
each other. To the inner chamber P the exhaust steam pipe p communicates, while the water in 
the delivery-pipe () is permitted to circulate freely in the outer chamber Q through the openings 7. 
By this means both the inside and outside of the exhaust-chamber P is cooled by the water raised 
by the pump and discharged therefrom, and consequently the condenser may bo made much 
shorter. The air-pump is in this case worked similarly to that above described, through the 
pump a*. This double cosing may be applied to the suction-pipo of a pump, and similarly the 
single casing may be applied to the delivery-pipe of a pump should it be preferred or found more 
convenient. 

Hydraulic Lift of Alfrtd Arris, Phanix Foundry, I>cr+»j . — Tho annexed illustrations. Figs. 4122 to 
4130, show u very simple and effective form of hydraulic lift, designed ami constructed by Alfred 
Davis, of the firm of Stacey and Davis. This hydraulic lift has been working for some time, and 
continues to work, in a most satisfactory manner. 

The cylinder is fixed horizontally, and tho stroke multiplied by moans of pulleys, which at one * 
end revolve in a bracket cast upon cylinder cover, ami at the other work in a cast-iron cross-head, 
keyed to the piston-rod, and guided upon either side. 

A chain is led round the pulleys running longitudinally over and under the cylinder, and after 
passing over the wheel A at the top of shaft, descends to the cage. The supply is drawn from a 
tank, and is admitted to the cylinder by means of a slide-valve worked with an ordinary lever, 
which serves tho purpose of lifting, lowering, and regulating the speed of tho cage. 

This lift is single-acting, water being admitted on one side of the piston only; tho weight of 
the cage being made sufficient to accomplish the down stroke. The water, having done duty in 
tho cylinder, is allowed either to flow into the drain or run into a low-level tank to be used for 
other purposes. 

The entire apparatus, with the exception of the cage and its immediate appendages, is enclosed 
and fixed in a trench below the ground level, and completely boarded over, so that space available 
for other purposes may not lie lost ; at the same time, care has been taken that every part shall be 
easy of access should the parts require inspection. 

B, U, Q, F, R, A, Fig. 4122, is a sectional elevation. Q, piston ; K, cage, of Davis’ hydraulic 
lift. 

I. J, K. L, M, Fig. 4123, is a plan. I, cross-head guide; J, pulleys; K, piston-rod; L, chain 
lug ; M, cylinder. 

Fig. 4124 is a section at CC of Fig. 4123. 

H, Fig. 4125, is a section nt E E of Fig. 4127. H, low-level tank or drain. 

G, H, I, Fig. 4128, is a section at D D of Fig. 4127. G, supply tank ; H, low-level tank or 
drain ; I, slide-valve. 

G, S, Fig. 4127, is a plan. G, supply tank ; 8, drain or low-level tank. 

Fig. 4128 is of the piston-rod guide. 

Fig. 4129 is of the valve-lever. 

Fig. 4130 is of the shackle. 

Armstrong's method of transmitting potter by water pressure. Taken from the Proceedings Inst. 
M. E., 18C8. — The most distinctive feature in this mode of transmitting power is the apparatus 
termed the accumuhitor, shown in Fig. 4131, which is so named because it accumulates the 
power exerted by the engine in charging it. It consists of a large cast-iron cylinder A. fitted 
with a plunger B, from which a loaded weight-case C C is suspended, to give pressure to the 
water pumped in by the engine. The accumulator is in fact a reservoir giving pressure by 
load instead of by elevation ; and its purpose is to equalize the strain upon tho engine in cases 
where the quantity of power to be supplied is subject to great and sudden variations. The 
load upon the plunger of the accumulator in generally such as to producer pressure equal to that 
of a column of water 1500 ft. high, and the capacity of the cylinder is sufficient to contain the 
largest quantity of water which can be drawn from it at once by the simultaneous action of all 
the machines in connection with it. The accumulator also serves ns a regulator to the engine, for 
when the plunger rises to a certain height it begins to close a throttle-valve in the steam-pipe, so 
as gradually to lessen the speed of the engine until the descent of tho loaded plunger again calls 
for an increased production of power. From the accumulator the water is conveyed by a pipe to 
tho various places where motive power is required; and in some roses where water is scarce it is 
returned by another pipe from the machines to the pumping engine to bo again forced into tho 
accumulator. The water thus acts merely as u carrier of power, and its function is consequently 
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the same as that of shafting used for conveying the power of a steam-engine to different parts of 
an establishment. 

The question therefore to lie considered is, in what 4131. 

respect or under what circumstance* water pressure is 
superior to shafting for the transmission of power. It 
is not to lie supposed that water pressure would be 
applicable os a substitute for shafting in mills ami work- 
shops where the machines to lie driven are compactly 
grouped at short distances from the engine, and where 
they are generally continuous in their action. The 
superiority of water pressure is only realized in those 
instances where the machines to be put in motion are 
scattered over a wide area and are intermittent in 
their action, and also where the quantity of j*»wer to 
be transmitted is subject to great and abrupt variations. 

Upon an extended wharf, for example, every crane may 
happen to be in action at one moment, while at another 
time not one may lie moving; and if shafting were used 
in such a case for conveying power to the cranes, the 
engine would sometimes lie overtaxed and sometimes 
acting without any useful effect. But with water pres- 
sure as the medium of transmission, the variation of 
work is met by the accumulator; and the engine acts 
always under 'a uniform load, storing up its surplus 
wer at times when the whole is not transmitted. 

Moreover, the ramifications readily carried out in laying 
water-pipes nro not practicable with shafting, nor can 
shafting be extended beyond very limited distances. 

Water pressure also possesses the advantage of com- 
municating to machinery a much more controllable and 
'adjustable motion than shafting. The water can be 
gradually turned on or shut off, and can be admitted as 
quickly or ns slowly as may lie desired : while with ft 
shaft the motion acquired is sudden and cannot lie com- 
municated gradually. Another ail vantage of the hydrau- 
lic system is that the pipe conveying the water is itself 
at rest, and does not suffer any appreciable wear nor 
require any attention ; whereas n shaft being in motion 
is attended with friction and consequent wear, and in- 
volves constant lubrication. 

The absence of elasticity in water gives gTcat steadi- 
ness and precision to the movements of machines actu- 
ated by water pressure ; but on the other hand, water 
lieing incapable of expanding like steam in a cylinder, 
the quantity expended is not proportionate to the load. 

Thus a machine propelled by hydraulic pressure measures 
off the same quantity of water, whatever may be the re- 
sistance overcome ; and therefore when the machine 
is inadequately loaded the expenditure is more than 

equivalent to the effort produced. This loss of power may in a great measure he obviated 
by making the machines with variable powers; but the simplicity of single-newer machines 
renders them preferable in many cases, notwithstanding their greater expenditure of power. 
In fact, for the purposes to which water pressure is most usually applied, safety, simplicity, 
and general convenience are more to be considered than economy of power, because owing to the 
intermittent character of the work the required quantity of power is not large in the aggregate. 
It lias also to he recollected that, although power is sacrificed oy that very property in water which 
gives so much steadiness and safety to its action, yet the favourable condition under which a steam- 
engine works when pumping against a constant head, as in charging an accumulator, cheapens tho 
production of the power, and compensates for its more lavish application. 

In connection with the non-elastic character of water, it will he observed that its incom- 
pressibility in the cylinder of the machines would, if not provided against, cause very injurious 
shocks anil strains to the machinery, by suddenly arresting the momentum of the moving parts on 
the closing of the outlet passages. To obviate this liability, nearly all varieties of water-pressure 
machines adapted for rapid nction require the introduction of what are termed relief valves. 
These will be fully described in onr article on Valves ; and it is therefore only necessary on this 
occasion to describe thorn aa consisting of smnll clacks 1)1), as shown in Pig. 4132, opening 
against the pressure 1* in the supply-pipes, and yielding to any hack pressure on the piston that 
exceeds the accumulator pressure. In the drawing P P represents the pressure, and E E the 
exhaust - [>aasages. 

With a pressure equal to a column of water 1500 ft. high, the loss of head l>y friction in tho 
pipes forma a very inconsiderable deduction from the entire column ; and the pressure may there- 
for** be conveyed without any serious sacrifice to great distances from the engine. In some instances 
the length of the pressure pipes Iirs been extended to more than two miles without any apparent 
decrease of effect ; but in all cases where the ripe is very long it is desirable to apply an accumu- 
lator at each extremity, in order to charge the pipe from both ends. The most advantageous 
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pressure of water for practical two seems to 1)0 that mentioned above, namely, 1500 ft. or alsmt 
700 ll>a. a square inch- By increasing the pressure the size of tbo pipes and of all parts of the appa- 
ratus is lessened ; but on exceeding the above limit a difficulty 
hegius to be felt iu preventing leakage and keeping the 
valves and packings in order: and this objection more than 
counterbalances the advantage of reducing the size of the 
apparatus. 

Compressed air has often been proved, and in sorao 
instances tried, ns a medium for the transmission of power. 

Being elastic it has an advantage over water in accommoda- 
ting its volume and consequently its expenditure to the load 
on the piston: but on the other hand it doei not give back 
all the power put into it by the engine, because practically 
it cannot be used expansively to the full extent of its pre- 
vious compression. In order to return all its acquired 
j lower, the nir must undergo no throttling, mid must be 
discharged from the cylinder in which it acts nt the density 
of the atmosphere ami as these conditions are impracticable, 
the b as from elasticity in air is probably as great as that 
from the absence of elasticity in water. But the use of com- 
re*s«d air is subject to a far more serious source of waste 
y leakage, which in the case of air is very difficult to de- 
tect; nnd in an extended system of pipes and machines, 
requiring a multitude of joints valves, and fitting surfaces, 
the leakage of the air must form uu insurmountable diffi- 
culty. Moreover, the elasticity of air deprives the machines 
to which it is applied of that perfect steadiness and precision 
which is afforded by the incompressibility of water. Nor 
is any advantage to bo gained by adopting the converse pro- 
cess of exhausting the air instead of compressing it, since the 
difficulties which apply to the one case are equally incident 
to the other. 

The purposes to which water pressure has been applied as 
a means of transmitting power are numerous; in fact in almost 
every case where manual labour is u»ed as a mere motive power, 
it may be superseded by engine power transmitted by means 
of water pressure. The widest application of this system is iu docks, where the water- pressure 
machinery is now most extensively u*ed in England for the purpose of opening and elosiug the 
gates, swing bridges, ami sluices, and also for hauling ships through the locks and discharging And 
warehousing cargoes. It is also very generally employed in the various operations connected with 
the shipment and discharge of coal ; and the mechanical arrangements applied to meet the dif- 
ferent conditions under which these operations hnvo to be performed are very various, and in 
some cases necessarily very elaborate. Perhaps the case of greatest novelty in this branch of the 
application of water pressure is that of a machine erected for the purposo of shipping coals at (Joole 
Docks, on the river Humber, where barges containing 32 tons of coal are floated into a cradle, and 
then lifted Ixxlily to a considerable height and turuod over into a shoot, which delivers the coal 
into a ship alongside. 

In France it is in use at Marseilles, at •Rouen, and nt the goods station of the Paris nnd Lyons 
Railway in Paris, for the purpose of loading and unloading the wagons, and also for hauling them 
in the station yard. The machinery at this station affords a good example of the application of 
the principle to railway goods traffic, and may therefore be selected for description. 

The machines comprise fifteen single-power hydraulic platform cranes to lift 1} ton ; and three 
double-power similar cranes to lift 1 j ton with the lower power, nnd 3 Ions with the higher 
power ; also two hydraulic engines for driving capstan-heads for hauling trucks. 

The single-power cranes arc represented in Figs. 4133, 4134. They are adapted to turn ns 
well as to lift and lower by the water prtasuro. The jib is a fixture to the crane-pillar A, which 
is made to revolve by means of a chain passing round the cupped wheel B, and worked by a |*air 
of hydraulic presides CC. The diameter of the ram of each turning press C is 4 in., and the length 
of stroke is 3 ft. 8 in., which is doubled by passing the chain over a pulley at the end of the rain 
and fixing the extremity to the cylinder. The ram of the lifting press D is 5} in. diameter, ami 
has a stroke of 4 ft. 8 in., and the motion is multiplied four times by means of pulleys. The chain 
is conveyed upwards through the centre of the pillar A, and thenco over the end of the jib. Tin 
lifting cylinder D is placed at an angle, to facilitate the overhauling of the chain. The valves for 
lifting, and lowering, and for turning, are slide-valves, the lifting and lowering valve having two 
ports, and the turning valve three ports. Each valve is worked by a lever E passing tlirough tho 
platform, the two levers being placed at a proper distance apart, so as to be worked by a man 
standing between them with a hand on each lever. To provide against the crane-jib slewing round 
beyond the range of the turning presses, the turning valve is made to close by a self-acting 
arrangement at each extremity of the range. 

The double-power crane is of the same general construction os the single-power; but instead 
of a simple hydraulic press with ram for lifting, a bored cylinder with a combined ram and piston 
is applied, as shown in Figs. 4135, 413G. For the lowur power the pressure is admitted upon both 
sides of the piston A, and therefore virtually acts only upon the ram It, which is half the area of 
tho piston. For the higher power the front side of the piston is open to the exhaust E, leaving the 
pressure P to act on the back only, and the effect is then proportionate to the area of tho piston, 



Digitized by Google 



1966 


HYDRAULIC MACHINES, VARIETIES OF. 


which is twice that of the ram. This alternative action is determined by the intervention of an 
extra valve C, Figs. 4133 and 4137; when this valve is opened, as shown m Fig. 4137, the pressure 



P has Occam to both sides of the niston, and the lower power is then obtained ; while for the higher 
power the voIto C is closed, and the exhaust-valve D is opened, whereby the front aide of tho piston 
** * C P* constantly open to the exhaust E. In cases where three powers arc required, three 
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simple hydraulic presses ore commonly used, which act either singly or in combination ; hut the 
same effect may be obtained with a bored cylinder and piston combined with two concentric rams. 



the external ram being secured by 
a pawl when its action is not re- 
quired, and the internal ram act- 
ing through a water-tight glaml 
in the outer ram. In this rose the 
lowest power is obtained by ad- 
mitting the water only on tho 
front dde of the piston, whence 
it enters into tho interior of tho 
larger ram through a hole near 
the piston, and forces out the inner 
or smaller mm. The second power 
is obtained by admitting the water 
to both sides of the piston ; and 
the highest power is Drought into 
actiou by opening the front side 
of the piston to the exhaust, 
while the preiuure operate* on 
the back of the piston. 

The capstan engines used at 
this railway station have each two 
oscillating cylinders with com- 
bined rams and pistons, working 
cranks at right angles; on the 
front side of the piston, which ia 
half the entire ami, the pressure 
is constant, and the bock com- 
municates alternately with the 
pressure and the exhaust. The 
engine therefore? acts by a differ- 
ence of pressure in one direction, 
ami by a positive pressure in the 
other, the effective pressure being 
equal in both cases ; and tho 
action is governed by a two-port 
slide-valve workid direct from tho 
trunnion. In these engines, as 
well as in tho cranes, relief valves 
arc applied to prevent concussion 
from the water shut in. 

Sinco the platform cranes of 
the Paris and Lyons Railway were 
constructed, a new arrangement 
of platform crane has been intro- 
duced, in which the lifting cy- 
linder is arranged so ns to form 
the crane-pillar. An example of 
this kind of crane is shown in 
Fig. 4138, where A is the lifting 
ram acting upon a chain B, which 

S ivea a twofold motion to a 
ouble-pulley running block C. 

A corresponding double-pulley 
block D is fixed to the base of the 

1 'ib, and over these pulleys the 

ifting chain passes four times, so that tho range of the ram is multiplied altogether eight times 
at the outer end of the chain. 

Another modification of the same kind of arrangement is exhibited in Figs. 4139, 4140, where 
the crane-pillar is carried in top and bottom bearings, and the lifting press A is placed between 
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the two cheeks of the pillar. In this case them is no turning power, and the lifting valve B, as 
well as the press, is attached to the crane-pillar. os shown to a larger scale in the section, Fig. 4141. 



This is the simplest and cheapest form of hydraulic crane which is made. In all cases of crane* 
containing the lifting press in the pillar, the water is admitted through the pivot at the bottom, 
which is made water-tight by means of a capped leather. For cranes of a very high power, where 
onlv slow motions are required, it is now usual to employ the ordinary gearing of a steam-crane, 
and to apply the water pressure by means of a sinull hydraulic engine fixed in the framework of 
the crane. 

Hydraulic cranes have of Jato years been introduced with great advantage at the Elswick Works, 
both in the forge and in the foundry. In the forge they aro applied to the service of a 12-tou 
hummer, and by this means forgings ranging in weight up to 20 tons are manipulated under the 
hammer with perfect precision and great saving of time and labour. In the foundry they are so 
applied as to command every port of the floor, and tlius wholly to supersede manual labour for 
every purpose of lilting and carrying. The form of crane used iu each of these departments is the 
same, and is represented in Figs. 4142, 4143. The jib and pillar of the cram* are of w rought iron, 
and revolve iu top and bottom bearings. The crane has three motions, namely, lifting, turning, 
and traversing, all of which are effected by hydraulic power. The lifting cylinder A is made of 
double power by the ram and piston arrangement before describ'd, the highest power being equal 
to 20 tons ; the ram is 11 in. diameter, and the piston 15} in. diameter, the length of stroke being 
0 ft. 8 in. The turning cylinders B are applied in the usual manner at the foot of the crane- 
pillar, the rams being each 4} in. diameter, with 5-ft. stroke ; and both the lifting and the turning 
cylinders, with their valves, are fixed in a chamber Win nth the level of the floor. A three-port 
slide-valve is used for the two turning cylinders, and mitre-valves for the lifting cylinder. Tho 
chain from the lifting cylinder is carried upwards through the crane-pillar, bending over a sheave 
C at the top of the pillar, ami posses successively over the pulleys of die travelling carriage I) and 
the ruuning block E, and is finally made fast at the extremity F of the jib. For the purpose of 
overhauling the ram of the lifting press, a small press is placed between the two turning presses B; 
and the overhauling action is effected by a chain mid sheaves multiplying four times, the outer end 
of the chain being attached to the sliding head of the lifting ram at I. Tho pressure in the over- 
hauling press is constant, and its action is therefore cquivah nt to that of a counterweight ; the ram 
is 4$ in. diameter, with 3 ft. o in. stroke. For effecting the traversing motion of the load suspended 
nt the hook G, the travelling carriage D is hauled inward* and outwards by two presses H fixed 
to the back of the crane-pillar, ami connected by chains with the travelling carriage : the ram of 
each press is 51 in. diameter, with 4 ft. 7 in. stroke. The alternating action of these presses, 
which is precisely the some ns that of the presses B Used for the turning motion, is regulated by a 
three-port slide-valve K attached to the front of the pillar, with a lever at each side for working it. 
The water is supplied to, and discharged from, these presses by two pipes which pass through tho 
top hearing of the pillar, and the conuectiou between the valve and these pipes is effected in each 
case by a trunnion joint at J J. 

Another novel purpose to which hydraulic pressure has recently been applied is the rai.-ing of 
the materials required for feeding blast furnaces. The great increase in the height, size, and 
productive power of modern blast furnace* has necessitated a great increase of speed and power in 
the lift; and the employment of wuter-preasnre machines lias fully satisfied these requirements. 
The apparatus fmployed for this purpose is represented in Fig. 4144. The framework of the hoist 
is constructed of cast iron columns supported by wroiight-iron bracing. Two guided cages A A are 
used* for receiving the barrows containing the materials to be raised to the furnace mouth ; and 
two separate lifting-presses B B, one for each cage, are fixed in an inverted position against opposite 
sides of the framing, the ram of each press being 11£ in. diameter with a stroke of 8 ft. The 
lifting chain makes five turns over the pulleys CC of each press, so as to multiply the stroke ten- 
fold, and is carried up over a sheave D at the top of the framing, nnd thence descends to the cage 
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to which it is attached. The two cages aro connected with each other by a wire rope which passes 
over a sheave E at tho top of the framework, so that they balance each other, the one being lowered 



while the other is raised. The cages lift two barrows at a time, weighing with their contents 
1} ton, and they are hoisted to the top at tho rate of 4 ft. a second ; a much higher speed could 
be attained by increasing the size of the valves and pipes to the retired cxti nt. A ftfcrMspOft 
slide-valve is used for working the two presses, and admits the water to the one press while it 
discharges it from the other. The valve is worked ut the bottom, but a rope is provided to • nable* 
it to be worked from the top as well. An arrangement is applied by which the cage* gradually 
close the valve at the termination of each lift, nnd thereby ensure a soft and gradual cessation of 
tho motion ; and a safety apparatus is attached to each cage, to arrest its fall by gripping the guide 
liars in the event of the breakage of a chain. 

6 K 
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When this paper was read, II. Mallet observed that it was a remarkable circumstance that 
Bnuuak, the inventor of the hydraulic press, had suggested as early as 1802 the application of tko 



same principle for working the cranes on the dock quays at Dublin and in the warehouses of 
the London Docks, as was shown by tho accompanying autograph letter. Extract from auto- 
graph letter of Joseph ltramah to Robert Mallet, dated London, 10th Nov. 1802, the original of 
which was shown to the meting ; — “I have also now applied if' (the hydraulic press) “with 
tho most surprising effect to every sort of crane for raising and lowering goods in and out 
of warehouses. So complete is the device, that I will engage to erect a stcam-engiue in any 
port of Dublin, and from it convey motion and power to nil the ernnea on the keys and else- 
where, by which gutxls of any weight may be raised at one-third of the usual cost. This I do 
by the airaplo communication of a pipe, just the same as 1 should do to supply such premises 
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with water. I hav»> u crane on my own premises which astonishes every person to whom it 
has U'l'ii shown, ns they see tho goods asceml and descend fifteen or twenty times iu a minute 
to tie- ilc ijJlilt of is or -jii ft., iiinl 
at the same time it is impossible 
for any person unacquainted with 
the principle to discover how or 
where the power comes from." 

This showed that Bramah bad 
distinctly seen the great scope 
for future expansion of the prin- 
ciple; but he had been too much 
in advance of the time for his 
ideas to be practically developed 
during his lifetime to so gre-at an 
extent as they had since been by 
the very ingenious and perfect 
arrangements of Sir Win. Arm- 
strong described in the pai»er now 
read. 

Hydraulic: Hums , — The hydrau- 
lic ram, the principle and mode 
of action of which every engimtjr 
is acquainted with, is employed 
solely for the purpose of raising 
water. See Fig. 93, p. 35. It 
may therefore be classed among 
pumps; but as it utilizes for this 
purpose a volume of water falling 
from a certain height, that is, u 
fall of water, it must also ho 
considered as a Ayrfruw/ic tnoti^r. 

We shall not describe here the 
classic ram of Montgolfier, with 
which everyliody is acquaintetl; 
but we will at once examine the 
improved ram by M. Boleo, of 
I<o Mans, which was exhibited 
in Paris in 1807. This ram, re- 
presented as a whole and in de- 
tail iu Figs. 4145 to 4153, is 
nothing but Montgol tier’s ram 
provided with certain details 
which give it a regular and per- 
manent action and tint bio it to 
work without being constantly 
attended to. 

The motive water arrives 
through the pipe A, and the 
water raised is forced into the 
reservoir of air D, whence it flows 
up the ascension-pipe. When the ram is not at work, the valve B is let down ; it would allow a 
passage to the water if care were not taken to place a hatch at tho head of the conduit which 
brings the water to tho body A of the ram. Suppose this hatch opened, the water puts itself in 
motion iu the conduit, and the ram begins its action, presenting successively and periodically tho 
three following phases ; — 

First phase. — The water that arrives through tho inlet-pipe begins to flow with a velocity due 
to the height of the fall, through the valve B (which is let down), and through the spaces between 
the four arms t of the upper guide of this valve. Fig. 4148 : but the flow of the water and the pres- 
sure exerted by it while in motion upon tho lower face of the valve, causes this latter to close, and 
the issue of the water ceases. 

Strmul ph i»e . — At the moment when the issue of the water ceases, the c« vita possessed by the 
column of water in motion causes tho nmnwM stroke, that is, opens the retaining (or forcing) 
valve G ; the water enters the air-vessel D, and at the samo time, in conscqucuee of tho effect of 
the shock upon the valve G, and in virtue of its elasticity, flows back through A. 

Third phase . — At the moment when the l»ckward motinn begins, the valve O closes and B 
opens, again allowing a passage to the water coming from tho upper water-course ; then the threo 
phases begin over again. 

Haring explained the action of tho ram, wo have only to describe the details of its con- 
struction. 

Tho valve B is partly balanced by a counterpoise c, to which it is connected by means of a 
rod ft. Tho effect of this addition, which does not exist in Montgolfier’s ram, is to make the valve B 
close more readily. The lower red of this valve is guided, as shown in Fig. 4148, in a little cylinder 
with two lateral openings, tho bottom of which is furnished with india-rubber waahers. Conse- 
quently the valve on falling strikes easily and noiselessly against its lower stop. 

To ensure the proper action of tho ram, ami to prevent a breakage cither in the inlet or in the 

6 k *2 
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upon the body of the mm : the consequence of this is that in wet seasons 
the water rises above this valve, and as the supply of air is cut off, there 
is danger of a breakage occurring. 

This defect M. Bom lias removed in the following way; — In front of 
the valve B he places a long, vertical, hollow column «% Fifre. 4145, 414C, 
the top of which is high enough to be out of the reach of the highest floods. 

The details of the head of this column are shown in Fig. 4151. It is fur- 
nished with a snifting valve, the opening of which is regulated by tho 
pointed screw m and a retaining valve s; a pipe e' forms tho communica- 
tion between tho chamber of this valve and tuo body of the mm; the pipo 
opens into the ram below the clack ft at K', Fig. 4145, and its orifice is 
furnished with a second valve s', the details of which are shown in 
Figs. 4152, 4153. At the moment when tho stroke occurs below tho 
valve ft, the water ascends violently tho column c and compresses the uir 
contained in it: a portion of this air escapes through tho snifting valve, 
but tho remaining portion lifts the valve and occupies a position above. 

When the valve B descends, and the water entering the ram flows 
through the orifices of this valve, the water descends in tho column c, and 
the external air enters through the snifting valve. The valve s' prevents 
the compressed air surrounding it from returning into the pipe r', by 
closing the orifice of this pipe under the action of the stroke. The com- 
pressed air contained in the chamber of this valve is then forced to enter 
under the clapper ft at the moment when the latter is open, and this air 
rises nn into tho air-vessel D. Thus the supply of air to this vessel is 
effected at each stroke. 

It is obvious that the importance of the mass of water contained in tho 
ram, from the commencement of the inlet-pipe up to the clapper ft, is not 
unworthy of consideration from tho point of view of the effect produced. 

No authoritative rule exists relative to this question. According to some 
writers, the length of the body of the ram, that is, tho length of the inlet- 
pipe, should be about $ of the height to which the water is to be ruined. 
According to others, this length should be equal to the height, increased 
by the ratio between tho double of the height anil that of tho full. But neither of 
rules are in accordance with the dimensions of various existing rams. 
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As a mmn, it may bo reckoned that in a well-constructed hydraulic ram, the work, that is, tho 
proportion of effective work in water raised to the motive work expended, is 00 per cent. This is 
a result that is not easily obtained with the 

best hydraulic motor working the bent system 41*4- 

of pumps. Hut the hydraulic nun can be 
constructed for only very small forces : were 
it not for this fact, this very simple engine 
would be generally employed. 

Le bt'inrg Him . — We will conclude our re- 
marks ou hydraulic rams with a few words 
respecting a contrivance employed to draw 
water from an excavation. 

When the quantity of water to be drawn 
up is small, it is well to utilize the fall itself 
upon which hydraulic works are executed 
to effect tho clearing of tho excavation. 

Fig. 4154 represents a hydraulic ram 
contrived for emptying a place of water. 

Two valves S S are connected by a beam 
oscillating about an axis oo. The water of 
the upper course, by flowing through tho 
aperture uncovered by one of the valves, 
produces tho effect of the water-spout, and 
sucks up tho water from the stream to ho 
emptied through tho pipe n n. This pipe is 
provided with an air-vessel »n, ami separates 
into two branches S' S\ furnished with re- 
taining valves; each of these two branches 
opens under the seat of one of the valves S 8. 

The water sucked np flows away into the 
lower course, w ith the motive water, through 
one of the pipes <ld. The flow of the motive 
water through one of tho valves S causes this 
valve to close, and consequently the other to 
open, and vice versa. Thus the apparatus is 
self-acting. 

The hydraulic ram was used in making 
the Mont Cenis tunnel to compress tho air 
necessary for tho supply of tho wind-ways 
and for working the boring tools. Ik-fore 
the erection of the powerful compression- 
pumps used later, M. Sommalier, the engi- 
neer of these works, had a series of hydraulic 
nuns constructed working under n fall of 
26 metres. These rams compressed up to 
five atmospheres the air necessary to drive 
the tools and to ventilate the works. 

Water-pressure Engines. — This class of 
motors is generally erected to utilize small 
volumes of water and very high falls. They 
ore usually employed to raise water or rather 
to drive pumps. In this case it consists, in 
its essential parts, of a cylinder and a piston 
moving with a reciprocating motion ; the 
piston-rod transmits this motion directly to 
the pump. It will be seen at once that the 
construction of water-pressure, or as they 
aro usually called, reciprocating engines, is 
much more like that of steam-engines than 
that of the hydraulic motors which we have 
already considered. These pressure engines, 
however, require a particular arrangement 
of the distributing apparatus, often giving 
occasion for some very ingenious and remark- 
able contrivances, which wo will describe 
farther on. Two artifices used to vary the 
pressure in a steam-engine, namely, erpan - 1 
sum and variation of pressure, cannot be em - \ 
ployed in a water-pressure engine. The * 

water being incompressible cannot expand, . / y , ■//>■/. / /,. '/ 

and if the nan were made do vary. the ■ ' I 

utilised fall would be diminiahed without 
proportionately rwinciug tiro Tolumo of water expended (which i« always eqnal to tho volume 
generated by the piston); therefore the duty of the engino would be decreased, which would bo 
bad. The variations of the fall, and consequently of tho pressure, should he ouly an inappreciable 
fraction, so to speak, of the total fall ; for this reason, these engines are applied only to high falls. 
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M. Girard has, indeed, studied their application to low falls, but the motion has not been received 
in practice. 
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With respect to the mode of action of the water, these engines are divided into two classes : 
single-action and double-action engines ; the former are vertical, the latter horizontal. Direct and 
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single-action reciprocating engines work cither with a downward or with an upward stroke. In 
the former rase, the motive water is let in only upon the upper face of the piston ; in the latter 
case, it is let in only beneath its lower face. 

Reiehenbacb’s engine at Illsnng, in Havana, is the oldest and most remarkable tvpo of the 
single-action engines, working with a downward stroke. Fig. 4155 represents a vertical section of 
this engine. For the sake of brevity, wo will merely give an explanation of tho references. 



A, the inlet-pipe; a valve o serves to regulate tho speed of the engine, that is, tho expenditure 
of water. This expedient is serviceable where there is an excess of fall, but it is bad in principle, 
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as the partial closing of the valve caused a contraction, a, air purge-cock ; when this is opened 
before the engine is started, the cock t> is shut, and when the engine is cleared of air, the cock a is 
closed and b opened. R, outlet or discharge pipe for tho 
water that has done its work; in the figure, the com- 
munication between this pipe and the cylinder is inter- 
rupted by the piston H, and tho communication botween 
this same pipe and the cylinder C established. 

At starting, the driving or loaded piston It being at 
the top or beginning of its stroke, the mutually dependent 
pistons K, G, 11, are raised so that the piston li may 
occupy the position H\ Tho pistons p and // are moved 
by hand, and tho orifice o is uncovered to put it in com- 
munication with tho dischargc-pipo E. The diameter of 
tho piston K is a little has tlmn that of the pistons H and 
G, which are equal, and tho top of this piston is in com- 
munication with the motive water through a pipe which 
opens at o'. Tho valve O being opcu, the pressure of tho 
water causes tho three pistons K, H, G, to descend, and 
tho piston H uncovers tho orifice of communication with the driving piston B ; those three pistons 
then occupy the positions shown in the figure. As the piston 8, which is in constant communi- 
cation with the motive water through the pipo P', is of a much smaller diameter than the loaded 
piston B, the latter descends, and brings down, consequently, the piston u of tho pump; this 
piston forces the water to bo raised up the ascending pij>e. 

A little before the niston B has reached the end of its stroke, a pin t acts npon a lever f, which 
mines the pistons p ana p\ and places them in gnch a way tliat tho orifice o is put in communication 
with the pipe T, which brings m tho water. The result of this is that as soon as the piston B is 
at tho end of its stroke, tho bottom of the piston G is in communication with the wutcr; tho 
pressures upon the pistons G and 1£ therefore balanoo each other. But as tho upper rod of tho 
piston K is a little larger in diameter than its lower rod, the water raises the three pistons and 
replaces them in their original position. The top of the piston B is in communication with tho 
escape-pipe E, and the pressure under the piston .< raises this piston, and consequently tho l<«ded 
piston li, as well as the pump-piston «. When the loaded piston has bee n raised to tho jKisition it 
occupies in the figure, a lower pin t lias moved the lever / to bring down the pistons p and />', and 
make the enginobegin again tne downward stroke. 

Tho pressure of the water is 116 metres: the stroke of tho pistons B and U is l m *05; tho 
engine makes 2^ strokes a minute ; and tho salt water is raised by the pump to a height of 
378 metres, including the suction; the stroke of tho pistons K. H, G, is 0® - 330. Tho volume 
of water expended at each double stroke may be resolved thus ; — 

1. For the downward stroke there is expended a cylinderful for piston B ; 

^ x (Trao 1 X 1"'05 428 litres. 

2. To change the direction of the motion, a cylinderful is expended for piston G ; 

~ X 0 235* X <P*83 10 litres. 

3. To raise the pistons 8, T, U, a cylinderful is expended for piston S ; 


41SS. 



4. To change tho direction of the motion, that is, to determine the ascent of the throe pistons 
8, T, U, there is expended only tho difference between a cylinderful of G and a cylinderful of K ; 

~(0 235’ - 0-195’) x 0“ S3 = 415 litre., say 5 litres. 

Tho total expenditure of motive water (fresh water) is thus 510 litres, say 500 in round numbers 
ii .. . . . 500“ x 110- x 2*15 OQ , 

Motive work in horse-power a second, Mw = — - = 28 horse-power. 


The pump U raises at each stroke 67 litres ^ x 0 285* x l - * 05 = 67 litres^, weighing 

about 1*20 kilogramme the litre, to a height of 378 metres. Tho effective work in horse-power 
, . .. - 80“ x 378 m x 2-15 f . . 

a second is therefore E «? — = 14 horse-power. 

60" x 75‘* F 


Tho work in renter raised is therefore 50 per cent. 

These calculations are only approximative, since they suppose that the volume generated by 
the pistons is just the volume expended or rnised, and that there is no loss from escapes. 

The engine erected by M. Juncker Ht the Hnelgoat Mines (Finiatere), a vertical section of 
which is shown in Fig. 4156, is an imitation of Reichenbach’s. It is, however, much more powerful 
and more rigid. The well in which it is fixed, offered only a limited space, and consequently its 
erection required special arrangements. The pump, too, which it had to work, being situate at a 
great depth beneath the engine, a long, heavy rod had to be balanced. This last circumstance 
induced M. Juncker tornake the engine work with an upward stroke only, in order that tho rod 
might bo subjected to tension in transmitting to the pump the work requisite to raise the water. 

As the Iluelgoat engine works only with an upward stroke, the upper part of the cylinder is 
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open, nro! the leakage of the piston may therefore bo readily perceived ; this is not the case in 
Reichenbach’s engine. 

The adit is situate 14 metres abovo the engines, so that the weight of all the tackle is balanced, 
for the ascent, by a column of water 14 metres high, having ns a base the section of the loaded 
piston. The introduction and discharge of the water, and consequently the Bpnd of the engine, 
is regulated by means of the piston G. The figure shows this piston in its middle position ; it 
doses the admission-port C beneath the loaded piston. 

The engine is started by opening the cock R, which puts the inlet-pipe A in communication 
with the space between the two pistons p, //, which is of the same diameter; the cock c is also 
open. In order that the pistons /> and p' may he easily brought into the position shown in the 
figure, that is, so os to uncover the orifice of the pipe o o, which puts the pij>e a in oommunic.ition 
with the top of the piston H. a pipe t is made to afford communication between the two fans of the 
piston p: the diameter of the rod i of this piston is such that the pressure of the water upon 
the annular surface of the piston p around the rod i is exactly equal to the counter-pressure lieneath 
the piston //. The moving hand of the pistons p and p’ puts the two face* of the piston H in 
communication, and, ns the annular surface of tho upper face, increased by the section of the piston 
G, is a little greater than tho area of the lower face, the water forces down the whole of tho 
pistons K, II, and G, nml opens the port C, through which the water is let under the piston B. 
The ball s at the end of the rod of the piston G enters a small cylinder v bored to a diameter only 
a very little greater than that of the ball ; the water in this cylinder breaks the descent of the 
parts and prevents a shock. When tho piston B is near the end of its stroke, a system of pins and 
levers raises the pistons p and p\ so as to put the pipe o o in communication with the escape-pipe e e. 
This causes tho piston G to ascend, which, passing before the port C, rises above, to put tho lower 
face of the piston B in communication with tike eduction-pipe E. The piston B then descends, and 
another system of pins brings back the pistons p and p to the position shown in the figure, when 
the piston B has arrived at the end of its stroke. 

We ought to remark here that the passage of the distributing piston in front of the port C has 
the effect of stopping for an instant the loaded pistou B when it has reached the ends of its stroke. 
The dead-poiuts of the pump are in this way very distinctly marked ; this is a favourable circum- 
stance, as it allows the valves time to* close. This arrangement also causes the piston to start 
slowly in either direction, which gives tho valves time to open fully before the pump-piston has 
acquired its full speed. The engine may bo stopped at any part of its stroke, and the stroke may 
be varied as required. Thus Juncker’s engine is the most perfect of any at present employed, 

Pfetsh'a Horizontal \ Zhuhie-action Engine. erected tit the titlt-works of tit. Nicholas, at Varange- 
ville . — This engine, a section of which is shown in Fig. 4157, works directly a horizontal double- 
action pump, by means of the rod t. The engine being a double-action one, it has two distributing 
pistons ij and h (tho diameter of the second being a little greater than that of the first), which put 
successively each face of tho piston B in communication with the induction-pipe A and the 
eduction-pipe E. The distributing pistons are worked os in Juncker’s engine, by means of two 
small pistons P and P' of equal diameter. 

In the position shown in tho figure, the pistons P and P* put the fore face of the piston K in 
communication with the escape e ; tho distributing pistons >j ami A (both on the same rod) are then 
placed in the position shown in tho figure, so that the piston B is about to move in the direction of 
the arrow. On approaching the end of its stroke, the piston B acts upon the rod t and places the 
pistoiiH P and P' so that the orifices o and a ore comprised between them ; the water then presses 
upon the fore face of the piston K : this causes </ and A to move back so that the fore part of tho 
cylinder is in communication with the pipe A, and the after port in communication with the orifico 
E of the escape-pipe. The piston B then begins its back stroke, and, having reached the end, it 
acts upon tho rod t to bring back the pistons P and P' to the positions they occupy in the figure ; 
this causes y and A to replace cacti other, as the figure also shows. 

Reciprocating engines have been used during tho last few years to turn a shaft. Since the 
Exhibition of 1851 they have become common in England, especially among the lend mines of 
the North, where they are used to raise the ore. Sir Wra. Armstrong is tho chief constructor of this 
kind of doable-action engine, which he employs to work whims. They consist, in their essential 
jMxrts, of two horizontal cylinders, the pistons of which drive two cranks at right angles. A 
distributing apparatus comprising, for each cylinder, a normal slide-valve, thnt is, without lead or 
overlap, which must be regulated with great nicety on account of the incompressibility of tho 
water. These engines have between the diameter and the stroke of the pistons the usual prnj«>r- 
tions of a water-pump, and they work at a low rate of speed, generally less than twenty revolutions 
a minute. The induction-pipe should be provided with the necessary means for avoiding rnm 
strokes, namely, an air-vessel, or safety-valves, or a plunger loaded with weight* and moving in n 
pum p-lwirrel fixed near the engine and in communication with the induction-pipe. The motion of 
the slide-valves is communicated by means of link-niotiou, which enables the engine to be reversed, 
so ns to drive tho whim sometimes in one direction and sometimes in the other. If the reversing 
is not required, the distribution may be effected by a three-way cock R, Fig. 4158. In the position 
shown in the figure, tho port / is in communication with the inlet a ; whilst the port / is in com- 
munication with the escape e, the piston B is moving in the direction of the arrow. 

It is indispensable that the water employed in these engines should be quite free from gravel 
and other bodies in suspension, which would soon injure the rubbing parts. 

Sir Wm. Armstrong has also constructed triplo enginos, with double-action, the three pistons of 
which drive three ernuks conjugated at 120°. As an example, we will cite tho 8 horse-power 
engine at the docks of Marseilles. It has three horizontal oscillating cylinders, and it drives a 
ernuked shaft. The hollow axis of each oscillating cylinder receives the water on one side, and on 
the other works its slide-valve, which is wholly detached from tho cylinder. These cylinders are 
0*» -107 in diameter from inside to inside, and the stroke of the pistons is 0" , .H04. As tho engine 
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makes twenty revolutions a minute, it follows that the mean velocity of the pistons is only 
0“-304 x 2 X 20' A iW> 

f Q,, — 0® * 203 a second. 

SuhntituU for a Ptand-pipr, invented by Samuel Hocking, C.E., who first npplied it to the Croydon 
Water-works in 1851. — In applying the single-acting Cornish engine to water-works where there is a 
variable pressure in the mains, a stand-pipe was added to maintain a uniform resistance against the 
action of the engine. 

When the Croydon Water-works was designed by Mr. Ranger in 1850, it was considered 
that the storage reservoir on the hill was near enough to the engines to serve for the ordinary 
stand-pipe; and the engines were contracted for accordingly, that is to say, to work without tbo 
usual stand-pipe. Subsequently, however, the contractor's engineer, Samuel Hocking, who deigned 
and erected these engiuea, finding that the town was to be supplied by branch pipes leading off 
from the main that conveyed the water from the engiuea to the reservoir, and that any breakage 
taking place in those branches might so lessen the resistance against the pumps as to endanger the 
safety of the engines, the entire risk of which was guaranteed by the contractors for one year, ho 
contrived a cheap substitute for the ordinary stand-pipe, which the contractors supplied at their 


A, Branch joining air-vessel. B, Branch joining the main. C, V’alve-ecat. D. Valve, with 
small opposing surface to the flow of water through it. E, Valve-spill, fixed to the scat ; and 
to get ample room for the top end of it, there is a hole in the bottom end of the planger. 
N.B. — The valve here is free, but it may be hung fast to the plunger. F F, Bolts for fixing 
the valve-seat G, Plunger, with a collar to limit its lift. II, Lowermost weight, fixed to the 
plunger. I 1, Leg*, to prevent the falling plunger striking hard on the valve. K, Lengthen- 
ing- piece on top end of plunger. L, Guide for ditto. 
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own cost rather than incur tho risk of aocident to the engine* from that source during their period 
of guarantee. 

This ingenious substitute for a stand-pipe, the construction and application of which wo illus- 
trate. Figs. 4159 to 4162, has a 
valve that is tnAdo to shut against 
the flow of water issuing from the 

E umpa, which valve must open 
afore any water can get into tho 
main. It also has a plunger, or 
hydraulic rum, passing through a 
stuffing box over tho valve ; tho 
bottom end of tho plunger rests 
on the valve inside, and the hip 
end of it carries a weight outside 
the main. The outside end of tho 
plunger is loaded with weights 
amounting to a little less than 
that due to the full hydmulio 
pressure acting against tho inside 
end of it. When the mains ore 
under full prwwnro, this plunger 
is lifted up to its limit of travel, 
and the valve left free to act, 
nothing hearing on the valve but 
the pressure due to the column 
of water confined in the main. 

Whenever the hydraulic pressure 
in the mains gets reduced through 
accident or otherwise, the excess 
of weight on tho plunger will 
bring it down to hear on the top 
of the valve, where it will act with 
that portion of its weight that is 
not balanced by the diminished 
hydraulic pressure in the main, 
thus maintaining a uniform load 
on the valve, and a uniform 
resistance ugaiust the engines. 

In starting, the engines have to 
pump against a weighted valve 
instead of a given column of 
water; and when the oolunin is 
full, the weights cease to act. 



Section of air-vessel, Fig. 4161. 


Had a common flat valve been used, the plunger above it would then be of tho same diameter, 
requiring an unwieldy weight ; but by reducing tho area of the valve exposed to the upward flow 
of water, after the manner of construction of the ordinary double-beat valve, a small size plunger 
with manageable weights suffices. 

To explain the construction of this apparatus more particularly, reference being made to Figs. 
4159, 41 GO; — 

A, that part of tho apparatus that is fixed to tho engine-pumn, and through which all the wuter 
pumped has to pass to tho valve O D, and thence to the mams through B. 

0 D, valve-seat and valve of the double-beat kind, the valve D working on a central spindle E. 

FF, two bolts for screwing down tho valve-seat from out- 
side. 4163. 

O, plunger-pole or mm, with a collar to prevent its rising too 
high ; and a rec ~y> cast in the bottom end of it to givo ample 
length of guide-spill for the valve. 

H, a heavy cast-iron block, forming a round table for carrying 
the weight used for loading the plunger; it is securely fixed to 
the plunger-pole. It has two adjusting studds as legs, marked 
I I, on which tho weight of the loaded plunger acts, thereby 
preventing it from striking on tho valve, in case of sudden re- 
moval of hydraulic pressure by breakage of the mains. 

K, wroiight-iron lengthening-piece to the cast-iron plunger, 
over which the cast-iron weights M M slide off and on to adjust 
tho load on th<* plunger when required. 

L, a wrought-iron guide to steady the top end of the plunger- 
pole. 

The beats of tho valve C D aro made very narrow — less than 

L of an inch — to prevent the heavy jumping action that would 
vo been occasioned by wide beats; before the valve opens, the 
force is measured by tho surface within tho beats, but the instant 
the valve moves, it is measured by the outside diameters. 

The Siphon . — If one end of a bent tube be put into a vessel 
of water, Fig. 4163, and the other end without be lower than the 
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surface of the water, then if the air bo extracted out of the tube D E F, or the tube U» filled with 
water, tho water will flow through the tube in a continued stream, until the surface of the water 
in the Teasel is on a level with the extremity F. For when the air is drawn out of the siphon, the 
water will rise in it to E by the pressure of the atmosphere upon the surface of the water A C, and 
then it will descend to F by its own gravity. The siphon being full of water, the forces which act 
upon the water in the tube are the pressure of the atmosphere upon the surface A C, and the weight 
of the column of water EF, acting in tho direction DEF; and the pressure of tho air at F, and 
the weight of the column of water E H, acting in the opposite direction F E D. The pressure of 
the air on F and an equal surface of A 0, may bo considered equal to each other, for the difference 
of the altitudes of A C ami F is too small to produce any appreciable effect on the pressure of 
tho air ; these pressures on the tube DEF will therefore balance each other. But tho weight of 
the column of water E F being greater than tho weight of the column of water EH, the sum of the 
pressures in the direction D E P is greater than the sum of the pressures in the direction FED: 
the fluid, therefore, will coutinue to flow in the direction DEF until the surface of the fluid A C 
is on a level with F. 

The siphon will not act if tho height H E bo greater than 33 ft, for then the pressure of the 
atmosphere on the surface A H will not be sufficient to mi* the water to the highest point E. 

Uydrauiic Weighing Machine . — This machine, Figs. 41G4 to 4166, invented by F. E. Duckliam, 
presents improved appliances and furnishes a means of attachment for the goods to be weighed, 
whereby they may l>e suspended from tho piston instead .... 

of being placed directly upon it; in this manner all 
liability to press unequally on the piston is avoided, as 
well as tho consequent development of undue friction 
between the piston aud the sides of the cylinder, which 
frequently occurs when goods are placed on a platform 
formed by the top surface of the pistou. For this pur- 
pose the inventor suspends or attaches the apparatus or 
cylinder by means of a suitable stirrup-pi«co or sling 
connected to a link from a emuo or in other convenient 
position. The goods to be weighed ore suspended from 
the centre of the piston by menus of a piston-rod which 
passes through a suitable water-tight gland or packing 
in tho bottom of the cylinder, and to the lower end of 
which rod the goods to bo weighed are attached. A 
pressure-gauge commuuicates as usual with the liquid 
in tho cylinder for the pur)Nute of indicating the degree 
of pressure on such liquid, or in other words tho weight 
of the goods suspended. 

Instead of employing a central piston-rod passing 
through the bottom of Uio cylinder, the goods may Us 
suspended by menus of an inverted Btirruj>-piece, similar 
to that by which the apparatus is sustained, and which 
is passed over the top of the piston and down through 
guides placed on the outside of the cylinder, below 
which it is united in a link, to which the goods may 
be attached. In this case the top of the piston should 
bo made of sufficicut diameter to project slightly over 
tho top of the cylinder. 

Instead of suspending tho apparatus by means of 
a sling or stirrup-piece, it may bo mounted in gimbals or trunnions supported by a bracket or 
shelf, or tho apjiaratus may be bolted securely thereto, the goods being attached as previously 
doeoribed. 

When this contrivance is employed to denote strains, or for other testing purposes, tho cylinder 
is firmly secured iu a vertical or other position, 
and tensiou applied to the piston-rod or stirrup- 
piece, the strain being denoted on the pressure- 
gauge as before. 

Fig. 4164 is an outside elevation of one arrange- 
ment of this hydrostatic weighing apparatus; 

Fig. 4165 a plan, and Fig. 4166 a sectional eleva- 
tion taken on lino 1, 2, 3, Fig. 4165. A is the 
cylinder containing water or other suitable liquid, 
on the surface of which rests a piston or plunger 
It. To this cylinder A is bolted a stirrup-piece 
C, by which we may suspeud the apjmmtiw from 
a crane or apply it in any other convenient posi- 
tion. Instead of a sti mi p- piece the apparatus 
may be slung by a chain or chains attached to 
eye-bolts C* C 1 , connect**! to the cylinder. D is 
the piston-rod passing down through a water-tight gland or packing E in the bottom of tho 
cylinder A. At the lower end of this red D is formed au eye F, to which the goods to be weighed 
are attached. The latter are thus suspended from the centre of piston B, on which the pressure 
will be uniformly distributed. G i* a pressure-guuge of any suitable construction, and comiuuni- 
cating with the liquid in the cylinder, for tho puri*osc of indicating the weight of the goods 
suspended from piston-rod I), the connection being either through the back of the gauge, as 
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shown in Fig. 4166, or through the rim of the gauge, or the connection may bo at any other 
convenient point. The piston 13 ami gland E arc made water-tight either by meana of cup- 

leathern of the usual form, an shown at a a, in Fig. 

4166; many other arrangements may bo employed to 
render the piston water-tight. 

This weighing machine, like many hydraulic con- 
trivances, is only a particular application of the prin- 
ciple ujKin which Timothy Bramah constructed his 
famous press, of which we treat next. 

The ffytirostati ; or Ifratnak Pres *.— The following 
article on Bramah's Prcsa is taken from Alexander 
Jamieson's excellent work, Mechanics of Fluids for 
Practical Men ; — 

If there be any number of pistons of different mag- 
nitudes, anyhow applied to apertures in a cylindrical 
vessel tilled with on incompressible and non-elastic 
fluid. 

The form acting on the piston to maintain an equili- 
brium, will be to one another as the areas of tha respective 
apertures , or the squares of the diameters of the pistons. 

Let A 13 C D, Fig. 4167, represent a section passing 
along the axis of a cylindrical vessel filled with an 
incompressible and non-elastic fluid, and let E F bo 
two pistons of different magnitudes, connected with 
the cylinder and closely fitted to their respective aper- 
tures or orifices ; the piston F being applied to the 
aperture in the side of the vessel, and the piston E 
occupying an entire section of the cylinder or vessel, 
by which tho fluid is contained. Then, because by 
the nature of fluidity the pressure* on every part of 
tho pistons E and F are mutually transmitted to each 
other through tho medium of the intervening fluid, 
it follows that these pressures will bo in a state of equilibrium when they aro 
equal among themselves. 

Now it is manifest that the sum of tho pressures propagated by the piston 
E is proportiounl to tho area of a transverse section of tho cylinder ; and in 
like manner the sum of tho pressures propagated by the piston F is pro- 
portional to tho area of the aperture which it occupies ; consequently an 
equilibrium must obtain between these pressures, 

When the forces on the pistons are to one another respectively as the areas of 
the apertures or spaces which they occupy. 

And it is obvious that the same tiling will take place, whatever may 
bo the number of the pistons pressed. 

Renee it appears that by taking tho areas of the pistons E and F in a proper ratio to one 
another, we can, by means of an incompressible fluid, produce an enormous compression, and that 
too by the application of a very small force. 

Tut F = the force or pressure on the piston E, 

A ~ the area of the orifice which it occupies, 

p — the pressure ou the piston F, and 

a = the area of the orifice or space to which it is fitted. 




Then, according to the principle announced iu the foregoing proposition and demonstrated 
al>ovc, we shall obtain a : A :*./>: P. 

But because, by the principles of mensuration, the areas of different circles arc to one another 
as the squares of their diameters ; if therefore we substitute d* and D ? respectively for a and A in 
the above analogy, we shall have d 1 : I) 2 : : p : F, and from this, by making tho product of the 
mean terms equal to the product of the extremes, we get 

/> D 2 = P cP. [A] 


This is the principle upon which depends the construction and use of that very powerful 
instiumcnt, the hydrostatic Press, first brought into notice about the year 1706, by Joseph Bramah, 
of IiOndon, who announced it to the world ns the discovery of a new mechanical power. In this, 
however, he was mistaken, for although the principle upon which it depends may be said to con- 
stitute a seventh mechanical power, yet the principle was not new to philosophers at the time 
when Bramah applied it to the construction of hi* presses, it having long been familiarly known 
under the designation of the Hydrostatic Paradox ; and besides, the celebrated Pascal obscurely 
hinted at its application to mechanical purposes, but did not pursue the idea far enough to 
ptoduce anything useful, or to entitle him to the merit of tho discovery. 

The improvement introduced by Bramah consisted in the application of the common forcing 
pump to the injection of water, or some other incompressible and non-elastic fluid, into a strong 
metallic cylinder, truly bond and furnished with a movable piston, made perfectly water-tight by 
menus of leather collars or packing, neatly fitted into tho cylinder. 

The proportion which subsists between the diameter of this piston and that of the plunger in 
the forcing pump, constitutes the principal clement by which the power of tho instrument is 
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calculated ; for, by reason of tho equal distribution of pressure in the fluid, it is evident that 
whatever force is applied, that forou must operate alike on the piston in the cylinder, and on the 
plunger in the forcing pump, and consequently, 

In proportion as the area of the transverse section of the one exceeds the area of a similar section of 
the other, so mint the pressure sustained by the one exceed that sustained by the other. 

Therefore if the piston F in tho preceding diagram be assimilated to the plunger in the 
barrel of a forcing pump, and the piston E to that in the cylinder of the hydrostatic press; then 
the equation marked [A], notwithstanding the very simple and concise form in which it appears, 
involvos every particular respecting the power and effects of the engine. 

This being premised, wo shall now proceed to exhibit the use and application of the formula, 
by the resolution of the following practical examples. 

Ex. 1. — If tho diameter of the cylinder is 5 in., and that of the forcing pump 1 in. ; what is tho 
pressure on the piston In tho cylinder, supposing tho force applied on the pluugor or smaller 
piBton to bo equivalent to 750 lbs. ? 

Here we have given D = 5 in.; d= 1 in., and p- 750 lba.; therefore, by substitution, 

equation [A] becomes 5* x 750 = P x 1* ; that is, P = 18750 lbs. 

t) D* 

Or tho equation for the value of P may be expressed in general terms as follows ; P = • 

And from tho equation in its present form we deduce tho following practical rule. 

Ri'LB . — Multiply the square of the diameter of the cylinder by the magnitude of the power applied, and 
divide the product by the square of the diameter of the forcing pomp, and the quotient will express the 
intensity of the pressure on the piston of the cylinder. 

Ex. 2 . — If the diameter of the cylinder is 5 in., and that of the forcing pump 1 in. ; what is the 
magnitude of the power applied, supposing tho entire pressure on the piston of the cylinder to be 
18750 lbs.? 

Hero we have given D = 5 in. ; d = 1 in., and P = 18750 lbs. ; therefore, by substitution, 

equation [A] becomes 5 1 X p = 18750 X 1*; Otp ss 750 lbs. 

If both sides of tho fundamental equation [A] bo divided by D s , the general expression for tho 

i r • Pt/ * 

value of p is p = • 

And the practical rule which this equation supplies may be expressed in words at length in 
the following manner. 

Bulk. — Multiply the given pressure on the piston of the cylinder by the square of the diameter of 
the forcing pump, and divide the product by the &ptarc of the diameter of the Cylinder for the power 
required. 

Ex. 3. — The diameter of tho forcing pump is 1 in., and tho power with which tho plunger 
descends is equivalent to 750 lbs.; what must be the diameter of tho cylinder, to admit a pressure 
of 18750 lbs. on the piston ? 

Hero wo bavo given d = 1 in.; p = 750 lbs., and P = 18750 lbs.; consequently, by substitu- 
tion, the equation marked [A] becomes 750 D* = 18750 x 1*; hence, by diviaiou, we obtain 

D* = - — 25; consequently, by evolution, wo bavo D = = 5 in. 

If both sides of the equation [A] be divided by p , and tho square root of the quotient extracted, 

the general expression for tho diameter of tho piston is D = . 

P 

And tho practical rule for tho determination of D may be expressed in words as follows. 

BOLI . — Multiply the pressure on the piston of the cylinder by the square of the diameter of the 
forcing pump, and divide the product by the force with which the plunger descends ; then the square root 
of the quotient will be the diameter of the cylinder sought. 

Ex. 4. — The diameter of the cylinder is 5 in., and the force with which the plunger descends 
is equivalent to 750 lbs. ; what must be the diameter of the forcing pump, in order to transmit a 

50 lbs. ; consequently, by substitution, 

750 x 25 

equation [A] becomes 18750 d 1 = 750 x 5 s , and by division we shall have </* = — - I : 

therefore, by extracting the square root, we get d = *J\ — 1 in. 

If both sides of the original equation marked [A] be divided by P,and the square root extracted, 

tho entire pressure on the piston, tho general expression for the value of d becomes d = y / . 

And the practical rule which this equation supplies may bo expressed in the following 
manner. 

Bi lk . — Multiply the force with which the plunger descends by ,thc square of the diameter of the 
cylimlrr, and divide the product by the entire pressure on the piston; then extract the squire root of 
the quotient for the diameter of the forcing pump. 

The foregoing is tho theory of the hydrostatic proas, as restricted to the consideration of tho 
diameters of tho cylinder and forcing pump, and the respective pressures on tho piston and 
plunger; but since the instrument is generally furnished with an indicator or safety-valve for 
mc&suriug the intensity of pressure, tho theory would be incomplete without considering it in con- 
nection with tho diameters of the pump and cylinder. For which purpose 

Put b = the diameter of the safety-valve, expressed in inches or ports, 
and w = the weight thereon, or the force that prevents its rising. 


pressure of 18750 lbs. to the piston of the cylinder ? 

Hero we have given D = 5 in. ; p = 750 lbs., and P = 1871 


o u h h 
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Then, aooording to the principle announced, p. 1983, wo obtain the following analogies, namely ; — 
D* : : P : it , 

</* : 8 * : i p : «» ; 


ami from these analogies, by making the products of the extremo terms equal to the products of 
the means, wo get 


D* w = 5* P, 
and <Pw = 1* p. 


Now, in order to pursue the expansion of these equations, we shall suppose the value of 8 to be 
one-fourth of an inch, while the numerical values of tho other letters remain the same ns supposed 
for the several examples under equation [A]; then, to determine the corresponding value of «■, or 
the jKiwer which prevents the safety-valve from rising, when all the parts of the instrument, or tho 
several powers and pressures, are in a state of equilibrium, wo have the following examples to 
resolve according to the propoeod conditions. 

Ex. 5. — The diameter of tho cylinder is 5 in., that of the indicator or safety-valve \ of an inch, 
and the entire pressure upon the piston of tho cylinder 18750 lbs.; what is tho corresponding force 
preventing the ascent of the safety- valve, on tho supposition of a perfect equilibrium ? 

Here we have given D = 5 in. ; 8 = J of an inch, and P s 18750 lbs. ; consequently, by sub- 
stitution, the equation [B] becomes 5*tc = *25* x 18750 ; from which, by division, wo get 


to = 


•0625 x 18750 
25 


= 46*875 lbs. 


But tho general expression for tho value of w, os dorived from tho equation [B], becomes 
& P 

tc = , from which we derive the following rule. 

Ritle. — Multiply the entire pressure on the piston of the cylinder by the square of the diameter of the 
indicator or safety-valve, and divide the product by the square of the diameter of the cylinder for the weight 
required. 

Ex. 6. — Tho diameter of the safety-valvo is } of an inch, that of tho cylinder 5 in., and tho 
weight on the safety-valvo 46*875 lbs., whut is the corresponding pressure on the piston of the 
cylinder? 

Here wo hovo given 8 = \ of an inch; D = 5 in., and tc = 46*875 lbs. ; therefore, by sub- 
stitution, equation [BJ becomes *25* P = 5* X 46*875, and by division we obtain 


P 


1171*875 

*0625 


= 18750 lbs. 


Tho general expression for the value of P, as derived from tho equation marked [B], becoinos 

r _5^. 

8 * 

And the practical rule supplied by this equation may be expressed in words as follows. 

Rule. — Multiply the weight on the safety-valve by the square of the dimeter of the cylinder, and 
divide the product by the square of the diameter of the $afcty-r>ilve, and the quotient will give the entire 
pressure on the piston of the cylinder. 

Ex. 7. — The diameter of the cylinder is 5 in., the entire pressure of tho piston is 18750 lbs., 
and the weight on the safety-valve is 46*875 lba. ; what is its diameter? 

Hero we have given D = 5 in. ; P = 18750 lbs., and u> = 46*875 lbs.,* therefore, by substi- 
tution, equation [B] becomes 18750 8* = 5* X 46*875, and from this, by division, we get 

«ja ^ 46*875 

8* = — Y 875 Q ~ — = and by extracting tho square root, wo obtain 8 = v^‘0625 = *25, or 

$ of an inch. 

The general expression for tho value of 8, as derived from the equation [B], is ns follows, 

namely, 8 = . 

P 

And the practical rule which this equation affords may be expressed in words in the following 
manner. 

Ki le. — Multiply the lc*ul on the safety-valve by the square of the diameter of the cylinder, divide the 
product by the entire pressure on the piston, and the square root of the quotient will give the diameter of 
the safety-valve required. 

hx. 8. — The diameter of the safety-valve is J of an inch, tho load upon it 46*875 lbs., and the 
entire pressure on the piston of the cylinder is 18750 lbs. ; what is its diameter? 

Hero we have given 8 = \ of an inch, *r = 46*875 lbs., and P = 18750 lbs.: consequently, 
by substitution, wo have 46*875 IP = *25* x 18750, from which, by division, we shall obtain 

*25* x 18750 

D ? = - * jg ' .yyg — = 25, and finally, by extracting the square root, we get D = */25 = 5 in. 

If both sides of tho equation marked fB] bo divided by it, tho weight on the safety-valve, wo 
8* P 

get D* = — — , and by extracting the square root, the general expression for tho value of D, tho 

diameter of the cylinder, becomes D = \/i_L . And from this equation wo derive the fol- 

w> 

lowing rule. 

6 L 
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Rule. — Multiply the entire pressure on the piston of the cylinder by the square of the diameter of the 
safety- valve, divide the product by the weight upo * i the safety-valve, and extract the square root of the 
quotient for the diameter of the cylinder sought. 

Ex. 9. — Tho diameter of the forcing pump is 1 in., that of the safety-valve is } of on inch, 
and the power or foreo with which the plunger descends is equivalent to 750 lbs. ; what is tlio 
corresponding weight oti the safcty-valvo ? 

Here we have given d = 1 in.; 8 = | of an inch, and p = 750 lbs. : consequently, by substitn- 
tion, the equation [C] becomes 1* x «? = *25’ X 750; that is, to — 46*875 lbs., the very same value 
ns we derived from the fifth example. 

If both sides of the equation rnarkod [C] be divided by d 7 , tho general expression for the value 

of tc becomes w = - 

d 9 


And the practical rule supplied by this equation may be expressed in words at length in the fol- 
lowing manner. 

Ki le. — Multiply the force with which the plunger descends by the square of the diameter of the safety* 
calf, atul divtde the pndnet by the square of the diameter of the plunger ; then the quotient will express the 
load upon the safety-valve. 

Ex. 10. — The diameter of tho safety-valve is $ of an inch, that of the forcing pump is 1 in., 
and tho load upon the safety-valve is 40*875 lbs. ; what is the power applied, or the force with 
which the plunger in the forcing pump descends? 

Hero wo have given 8 = 1 of an inch, d = 1 in., and tr = 4G*875 lbs.; consequently, by substi- 
tution, equation [Cj becomes *25 */> = 46*875 x I s , ami from this, by division, we obtain 


4G875 
P ~ 0625 


= 750 lbs. 


The general expression for the value of p , as obtained from the equation marked [C], becomes 

rf* ip t 

p = from which wo derive the following rale. 

Rt'LB — Multiply the load on the safety-valve by the square of the dirmeter of the forcing pump, then 
divule the product by the square of the diameter of the safety-valve , and the quotient will give the force with 
which the piston descends. 

Ex. 11. — The diameter of tho plunger or tho piston of the forcing pump is 1 in., tho force with 
which it descends is equivalent to 750 lbs., and the load ou the safety-valve is 40*875 lbs. ; what is 
its diameter? 

Here wo havo given d as 1 in ., p = 750 lbs., and w = 46*875 lbs.; consequently, by substitu- 
tion, wo have 750 8* = 1* x 40*875, and from this, by division, we obtain 8*= - = 0625, and 

finally, by evolution, we have = 8 V'0625 = *25 of an inch. 

Let both sides of the equation marked [C] bo divided by p. the power or force with which the 

(/* 

piston of the forcing pump descends, and we shall have 8*= — jj— , and by extracting the square root 


wc get 


8 = Hence 


tho following practical rule. 


Rl’LE . — Multiply the weight or load upon the safety-talve by the square of the diameter of the forcing 
pump , and divide the product by the force with which the plunger or piston of the forcing pump descends ; 
then the square root of the quotient will be the diameter of the safety-valve. 

Ex. 12. — The diameter of tho sofcty-valve is \ of an inch, tho weight npon it is 40*875 Il»., and 
the power applied, or the force with which tho plunger descends, is 750 lbs.; what is tho diameter 
of the forcing pump? 

Here wo have given 8 = $ of an inch, w = 40*875 lbs., and p = 750 lbs.; consequently, by sub- 
stitution. the equation marked [Cj becomes 40*875 <P = *25 x 750 ; therefore, by division, we obtain 
*25* x 750 

d 7 = — — = 1, and finally, by extracting the square root, we get d = 1 in. 

4b * 875 

Tho general expression for tho value of tho diameter of tho forcing pump, ns derived from tho 


equation [C], is d s 


And from this we obtain the following practical rule. 


Rule. — Multiply the force with which the piston of the forcing pump descends by the square of the dia- 
meter of the safety-valve , divide the. product by the load on the safety-valve, and extract the square root of 
the qiadient for the diameter of the forcing pump. 

The foregoing twelve examples exhibit all tho varieties of cases that can arise from the combina- 
tion of the six data which we have employed in our theory, namely, tho diameters of the cylinder, 
the forcing pump, and the safety-valve ; together with the entire pressure on the piston of tho 
cylinder, the power applied to the plunger of tho forcing pump, and the weight upon the safety-valve. 

We have determined each of tho quantities composing tho several fundamental equations in 
terms of the others, and havo drawn up rules from the general expressions, merely for the assist- 
ance of those who are not accustomed to algebraic reductions; those who are will prefer finding 
each quantity directly from the general equation expressing its value. 

It is manifest from the principles of mensuration that the area of a transverse section of tho 
cylinder, or tho baso of the piston, is expressed by *7854 IF ; and we have shown that the entire 

P D 2 D* ic 

pressure upon the base of tho piston in tho case of equilibrium is P s , and P = ; oonse- 


t- 
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quontly, if n denotes tho pressure in pounds avoirdupois on one squaro inch of the piston, thon wo 
have 


» 


P 

♦7854 D* ' P ~ 


P 

•7854 </* 


, and n 


to 

*78545* * 


p>] 


Now, from principles investigated by Peter Barlow, it appears that if c denote tho cohesive force 
of the material employed in the construction of the cylinder, t its thickness, and r tho interior 
radius, then, in order that the strain produced by the pressure shall not exceed the clastic power of 

tho material, it is necessary that n = ■■■ — • 
t + r 

In order to demonstrate this, let A It D, Fig. 41G8, ho a transverse section of the cylinder, per- 
pendicular to the axis passing through C ,* then, supposing a certain uniform pressure to be exerted 
all round the interior boundary, it will readily appear, from the theory of 
resistance, that each successive circular lain inn, estimated from the interior 
towards the exterior circumference, oilers a less and less resistance to tho 
straining force. 

Hut it is obvious from the very nature of the subject that by reason of 
the internal pressure or strain tho metal must undergo a certain degree of 
extension : and since the resistance of the outer boundary is less than that 
of tho inner one, it follows that tho extension must also be less. This is 
manifest, for the resistance which any body offers to the force by which it 
is strained is proportional to the extension which it undergoes divided by 
its length. Now, since the resistances of the several lamina* decrease as they 
made from the interior boundary towards tho exterior, while at the same 
time the corresponding circumferences increase, it is manifest that tho 
extension for the several lamina* decrease* to tho last or exterior boundary, where it is the least 
of all. It is therefore the law of the decreasing resistance that the present inquiry is instituted 
to determine. 



Put J = ab, tho interior diameter of the cylinder before tho pressure is applied, 
e — the increase of d occasioned by the pressure, 

<r = A II, the exterior diameter in its original state, 
c — the increase induced by pressure. 


Then (d + e) and (<f + *') are respectively the interior and exterior diameters of tho cylinder as 
affected by extension. 

By the principles of mensuration, the area of the annulus, or circular ring contained between 
the interior and exterior boundaries, 

Is equal to the difference of the square* of the diameter*, dratm into the constant f rotation 0*7854 ; or 
it is profiortionnl to Otc sum of the diameters, drawn into their difference. 

But according to the nature of the present inquiry, the area of the ring is tho same, both before 
and after the extension takes place ; consequently we Lave («/* -f ey — (d + *•)*=:</*— tP ; therefore, 
by expanding the terms on the left-hand side, wo got ti** -f- 2 dV + c'* — d* — 2 t/s — (* — <!* — d* ; 
or, by transposing and expunging the common terms, it is 2<fV + e’* = 2de + e 1 ; and this equation 
being converted into an analogy, gives 2 -f- e’ : 2 d + e : : e : ✓. 

Now, the quantity of extension that tho material will allow before rapture being very small, 
especially as compand with tho quantities 2 it and 2 d, it therefore follows that the quantities e' 
and e, in the first ami second terms, may be conceived to vanish, aud tho above analogy become* 
d * : </ ; i e ; 

From this it appears that the extensions of the respective circumferences are inversely ns tho 
corresponding diameters; but we have stated above that tho resistance is as tho extension divided 

by tho length ; therefore we have ^ J - , or, which amounts to the same thing, </* : <f* ; hence this 

law, that the magnitude of the resistance offered by each successive circular lamina. 

Is inversely as the te/uire of its diameter, or, which is tike same thing, inversely as the square of its 
distance from the common centre to which they am referred. 

From the general law thus established, the actual resistance duo to any point in the annulus, 
or to any thickness of metal, can very easily be ascertained. 


Pnt r = C a, the interior radius of the cylinder, of which the aunexed diagram. Fig. 4109, is a 
section, 

t = a A, the entire thickness of the metal, 4|W - 

x = an, any variable thickness estimated from n, the interior 
surface, 

n = the pressure on a square inch of the inner surface in pounds 
avoirdupois, 

/ = the measure of the straining force, or the resistance sus- 
tained by tho first or interior lamina ; and 
c = the cohesive force of tho material. 

Then, agreeably to tho law* of the resistances which wo have csta- 

f c* 

blishod above, wo have (r + x)* : r* ! ! f l - — - — - ; this result expresses 


the 


(r + *;* 



strain at the point x, or the resistance of the material whose thickness is an; andjlhe fluxion 
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of this iinnntUy. ns referred to tho variable thickness x, is dux. = - ■ -- • coiueonently Uio 

(<• + *)• 1 

fluent, or the sura of all tho strains, is I J — + C, and this when x = f becomes 

J < r + O 




) _ f'i 

r+t / r + t‘ 


Therefore if the strain or resistance / were to act uniformly on tho thickness expressed by 
» it would produce the same effect as if all the variable strains were to act on the whole 
thickness t. 

The above law being admitted, let us suppose that the interior radius of the cylinder, and the 
pressure a square inch on the surface nre given, and let it be required to determine the thickuesa 
such that the strain and resistance may be in equilibria. 

Here it iB manifest that the greatest strain the thickness — — can resist is — — , and tho 

r + 1 r + * 

strain to which it is actually exposed is nr; consequently, when these are equal, wo have 
c r t 

nr s - ; from which, by expunging the common factor r, wc get 

" = r-TV ™ 


If this value of n bo compared with its respective values ns indicated in the equations [D] pre- 
ceding, wo shall have the following expressions for tho thickness of metal in the cylinder to resist 
any pressure, while the elastic power at tho material remains perfect, namely 


t 


Pr 

•7*54cP*-r : 


P r 

•7854 c <1* — p y 


and t = 


tr r 

•7854 c 8* - w* 


Therefore, if for c in each of the preceding expressions we substitute its value as determined 
by experiment, and which for cost iron, according to Dr. Robison, is 16648 lbs. avoirdupois upon 
a square inch, then we shall havo 

Pr 

t = - 


13076 D* — P 


m 


t _ £_ , 

13076 cf* - p 

it r 

‘ ~ 13076 J* - » ' 


[G] 

TO 


Where the constant number 13076 = 16648 x *7851. 

The following example will illustrate the nse of these equations, the value of t the thickness 
of the metal coming out the same by each. 

Ex. 13. — What must be the thickness of metal in tho cylinder of a hydrostatic press to resist 
a pressure of 30000 lbs., tho diameter of the cylinder being 5 in., that of the forcing pump 1 in, 
and of the safety-valve 4 of an inch, being tho same dimensions which we have employed in the 
preceding examples ? 

Here wo have given P = 30000 lbs. ; D = 5 in. ; and consequently, r = 2 J in. ; therefore, by 
30000 x 21 

substitution, equation [F] gives t = -- ■ — -- = 253 ***“8 something more than 

lJU7v X O' — ,10000 

\ of an inch. 

In order that the entire pressure on the piston of the cylinder may bo equal to 30000 lbs. ac- 
cording to the conditions of tho question, the force with which the plunger of the forcing pump 
descends must bo equal to 1200 lbs. ; therefore by equation [Gj we have 


1200 x 2} 

13076 x 1* - 1200 “ 


•253 in., the Bame as before. 


Again, in order that the entire pressure may be equal to 30000 lbs., tho weight upon the safety- 
valvo must be 75 lbs.; hence from equation [H] wo obtain t = -I ~ 7 5 = in., 

the same os in the two coses foregoing. 

It may not bo improper hero to remark, that although the requisite thickness of metal is alike 
assignable from cither of the above equations, when tho respective pressure and diameters ore 
known, yet it is the first of the class only, or that marked [F), which becomes available in practice, 
and for this reason, that the power of the press, or the aggregate pressure which it is capable of 
exciting, is known a priori, or immediately assignable from the conditions of construction, while 
the load upon the safety-valve, and the force with which the plunger descends, have each to be 
determined by calculations founded on circumstances connected with the aggregate or ultimate 
pressure. 

Referring to equation [E], which has been purposely investigated for expressing tho intensity 
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of pressure on a square inch of surface, ami multiplying; both sides by r 4- f, tho denominator of 
the fraction, we shall have nr+nfsef, from which, by trAmqmaing and collecting tho terms, 
wo get (c-*)f=»r; then by division, the value of /, or tho thickness of metal in tho cylinder 
to withstand the pressure, becomes 


From which it appears, that if a constant value adapted to practical purposes enn be assigned 
to n, tho rule for calculating the thickness of metal in the cylinder will become exceedingly 
simple. 

Now, it has been remarked by several eminent practical engineers, as well as by the most 
approved and intelligent manufacturers, that the extreme pressure on a square inch of the piston 
should never exceed half tho cohesive power of the material : but, according to Dr. Robison, the 
cohesive power of cast iron of a medium quality is equal to 16018 lbs. ; henoe wo have 


1CG48 


83*24 lbs. ; 


therefore, if 8324 lbs. be adopted as the limit of pressure upon a square inch of surface, the fore- 
going value of t becomes t = t— j — = r • There is no occasion to limit tho pressure to 
IWto — 8324 

tho piston only, since every square inch of surfaco in contact with tho fluid sustains tho aaiuo 
pressure. This limitation 1ms frequently caused a misapprehension resecting the mode of ascer- 
taining the pressure on an inch of surface. 

Consequently, in order that the strain produced by tho pressure may not exceed tho clastic 
power of the material, 

TV thickness of metal oujht never to be less thin the interior mlius of the cylinder. 

Jly tho first equation of class [D] it has been shown that the pressure on a square inch of 

tho piston in lbs. avoirdupois is n = , or by sutatituting tho foregoing value of », it is 

8324 = — . •; from which, by multiplication, wc obtain 8324 x ’7834 D 2 = P; but in order 

*7854 D* / 

to express the pressure in tons, it is 


P 


6537*6690 D* 
'2240 


= 2*9186 D*. 


[I-] 


Therefore, when tho diameter of the cylinder is given, the entire pressure in tons is determined 
by tho following very simple rule. 

Ruhr . — Multiply the square of the diameter in incites by the constant number 2*9186, and the product 
icill be the pressure in tons. 

And again, when tho pressure in tons is given, tho diameter of the cylinder may be deter- 
mined by reversing the process, or by the following rule. 

Rule. — Divide the given pressure in tons by the constant number 2*9186, and extract the square root 
of the quotient , for the diameter of the cylinder in inches. 

The preceding theory, as we have developed it. unfolds every particular connected with tlio 
hydrostatic press, and by paying proper attention to tho equations, rubs, aud examples, as wo 
have delivered them, every difficulty attending the construction of tho instrument will be 
removed ; to practical persons, however, tlmt part of the theory exhibited in the equations mark*d 
[K] and [L] will Iw found the moat valuable, os they do the more immediately coutain tho 
particulars which direct their operations. Tho following examples will prove the truth of these 
remarks. 

Ex. 14. — The diameter of the cylinder in a hydrostatic press is 10 in. ; what is its power, or 
what pressure does it transmit? 

Here by the first rule above, wo have P = 10’ x 2*9186 = 291 *86 tons. 

Ex. 15. — What is the diameter, and what the thickness of metal, iu a press of 300 tons 
power ? 

By the second rule abovo, wo have D* — 300 -4- 2*9186 = 102*81 nearly: therefore, by 
extracting the square root, we obtain D = Vl02*81 = 10*13 in. : consequently, according to tho 
remark under the equation [K], the thickness of metal is t = 10* 13 *f Sc 5*065 in. 

The rules by which the preceding examples have been resolved were very nearly, but not 
precisely, the same ns those employed by JiMwph and Timothy Rrnmali iu the construction of their 
excellent presses : the only difference, however, consists in their assuming a higher number as the 
limit of pressure, the standard which they employed being 8556 lbs. upou a square inch of the piston, 
thereby indicating that they reckoned on a higher cohesive power iu the material than that which 
we have adopted as the basis of our theory. 

Now, 8556 lbs. on a square inch is equivalent to 6619*8824 11*. upon a circular inch ; whereas 
the constant which we have chosen is only 6537*6696 lbs., being a difference of 82*2128 lbs. upon 
the circular inch, a difference that need not be regarded in pmetice, as the error will always fall 
on the side of safety, giving a smaller lower to the press than it really possesses. 

It sometimes, indeed it very frequently, happens that presses are constructed without any 
attention being paid to the relation which subsists between the strength of the parts and the 
strain which they have to resist ; in all such cases, therefore, it may be interesting to possess a 
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rule by which tho merits or demerits of a press so constructed can bo Ascertained, for in this 
way a failure in tho instrument may be prevented, and a remedy applied to any defect that 
may exist. 

Now, according to tho first equation of class [D], tho pressure upon a square inch is 
P e t 

” = .dm » W*d according to equation [E], it is n = — — ; therefore, by comparison, wo have 
‘7!s)l D* r + t 

; ■ - ■ = ■ ; consequently, by multiplying oud substituting the cohesive power of cast iron, 

* b r *4* t 


we have (< + r) P = 13076 D’ /. 

Let 4 r* bo substituted in this equation instead of P’, its equivalent, and we shall obtain 
„ .. . . . „ 52304 r-"/ 23*35 rU 

(< + r) P = 52o04 r* t ; consequently the pressure in tons u P= - - - - = - • 

2240 (/ "t* r) (• t v 

From which it appears, that by knowing tho interior radius of the cylinder and the thickness 
of tho metal, tho power of tho press can easily bo ascertained ; tho following is tho rule for that 


purj>os©. 

Rule. — Multiply 23*35 times the thickness of metal by the njuare of the radius of the cylinder, and 
divide the product by the radius plus the thickMK of metal , and the quotient wilt give the poster of the 
press in tons. 

Ex. 16. — A hydrostatic press is so constructed as to have tho interior radius of its cylinder 
equal to 3 in., and the thickness of metal 1 in. ; now this press is designed for |>acking flax, and is 
estimated to staud a pressure of 180 tons ; query if its power is not overrated ? 

23*35 x 3* x 4 

According to tho above rule, it is P = = *20*08 tons; consequently tho 


power of the press is overrated by about CO tons, being one-third less than the estimated pressure 
according to the question. 

The thickness of metal necessary to resist a pressure of 180 tons, or 403200 lbs., is equal to 
17*9 in. nearly, and the proposed thickness is only 4 in., being less than one-fourth of the 
thickness which is really necessary to resist the strain ; hence we infer that the press in its 
present state is entirely unfitted for its intendtd purjtose, and altogether inconsistent with safety 
and precision of oj^rntion. 

The hydrostatic press, in its present state of improvement, is a machine that is caisihle of ' 
generating and transmitting a greater degree of force, for the purpose of overcoming immense 
resistances, and raising enormous loads to a small height, than any other instrument or engine 
with which we arc acquainted ; it is therefore of the highest importance that the principles of its 
construction and tho mode of operation should be rightly understood, and in order to render tho 
subject as clear and intelligible as possible, wo think proper to lay before our readers the following 
detailed description. 

Tho woodcut. Fig. 4170, exhibits an elevation of the press in its complete state, accompanied by 
tho forcing pump and all its appurtenances os fitted up for immediate uctiou. F is a strong 
metallic cylinder of cast iron, or some other 
material of sufficient density to prevent the 
fluid from issuing through its pores, and of 
sufficient strength to preclude tho possibility 
of rupture, by reason of the immense pressure 
which it is destined to withstand. 

The cylinder F is bored mid polished with 
the most scrupulous precision, ami fitted with 
the movable piston D, which is rendered per- 
fectly Water-tight, by means of leather collars 
constructed for the purpose, and fixed in the 
cylinder by a simple but ingenious contrivance 
to be described hereafter. 

Into this side or l«wo of tho cylinder F, the 
end of a small tube 6ft A is inserted, and by this 
tube the water is conveyed or forced into the 
cylinder ; the other end of the tube is attached 
to the forcing pump, as represented in the 
diagram. 

A A aro two very strong upright hare, 
generally marie of wrought iron, and of any 
form whatever, corresponding to the notches in the sides of the flat table E, which is fixed 
upon the end of the piston 1>, and by workmen is usually denominated the follower or pressing 
table. 


4170. 



B is the top of the frame into which the upright bars A A aro fixed, and c c is tho l>ottom 
thereof, both of which are made of cast, in preference to wrought, iron, being both chcajierand more 
easily moulded into the intended form. 

Tho bottom of tho frame cc is furnished with four projections or loin's, with circular per- 
forations, for the purpose of fastening it by iron bolts to the massive blocks of wood, whose 
transverse sections are shown at 6 G. The top B bos two similar perforations, through which 
are passed the upper extremities of the vertical bars A A, and there made fast, by screwing down 
the cup-nuts represented at a and a. 

Fig. 4171 represents the plan of the top, or as it is more frequently termed, the head of tho 
frame ; the lower aide or surface of which is made perfectly smooth, in order to correspond with, 
and apply to the upper surface of the pressing table Ein Fig. 4170; this correspondence of surfaces 


\ 
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become* necessary on certain occasions, nwb aa tho copying of prints, taking fnc-sirailcs of letters, 
and the like ; in all such cases it is manifest that smooth and coincident surfaces arc iuditqsjusablo 
for the purpose of obtaining true impressions. 

Fig. 4171 represents the upper side of the block, where it is evident that tho middlo port B 
(through whose rnumhsl extremities <« and a tho circular perforations aro mode for receiving tho 
upright bars or rods A A, Fig. 4170) is 

considerably thicker than tho parts on 41 ‘ • 41T3 * 

each side of it ; this augmentation of 1 * H 

thickness is neoessary to resist tho im- 
mense strain that comes upon it in that 
part: for although tho pressure may be 
equally distributed throughout the entire 
surface, yet it is obvious that tho me- 
chanical resistance to fracture must prin- 
cipally arise from that port, which is 
subjected to tho reaction of the upright 
bars. 

Fig. 4172 represents tho plan of the 
base or bottom of tho frame; it is gene- 
rally made of uniform thickness, and of 
sufficient strength to withstand the- pres- 
sure, for be it understood that all tho 
|mrts of tho machine are subjected, to 
the same quantity of strain, although it 
is exerted in different ways. The up- 
right bars, cylinders, ami connecting 
tubes, resist by tension, the pistons by 
compression, and tho pressing table, to- 
gether with the top and bottom of tho 
frame, resist transversely. 

The circular perforations cc corre- 
spond to a a in tins top of the frame, and 
rcceivo the upright bars in the same 
manner ; the perforations dddd receive the srrew-lmlts which fix the frame to tho beams of timber 
represented at GO, Fig. 4170; the large perforation F receives the cylinder, the upper extremity 
qf which is furnished with a flange, for the purpose of fitting the circular swell around the perfora- 
tion, and preventing it from moving backwards during the operation of the instrument. 

A side view of the engine is represented iu Fig. 4173, where the same letters of the alphabet 
refer to the same parts of the structure. 

F is the cylinder into which the fluid is injected ; D, tho piston, on whose summit is the pressing 
table E ; A, one of the upright rods or bars of malleable iron ; B, the head of the press, fixed to tho 
upright bar A by means of the cup-nut a ; c, the bottom, in which the upright bar is similarly fixed ; 
ami G a beam of timber supjiorling the frame with all its appendage*. 

But the hydrostatic press, as here described and constructed, must not bo considered as fit for 
immediate action ; for it is manifestly impossible to bore the interior of tho cylinder so truly, and 
to turn the piston with so much precision, as to prevent the escape of water between their surfaces, 
without increasing the friction to such a degree that it would require a very great force to 
counterbalance it. 

In order therefore to render tho piston water-tight, and to prevent as much ns possible the 
increase of friction, recourse must 1*? had to other principles, which we now proceed to explain. 

The piston D is surrounded by a collar of pump-leather o q, represented in Fig. 4174, which 
collar being doubled up, so as in some measure to resemble a lesser cup placed within u greater, it 
is fitted into a cell made for its reception iu the interior of the cylinder; and when there, the two 
parts are prevented from coming together by means of the copper ring pp, represented in 
Fig. 4175, being inserted lietweeu the folds, and retained iu its place by a lodgment made for that 
purpose on the interior of the cylinder. 

The leather collar, first arranged in its present form by Benjamin Hick, is kept down by means 
of a brass or bell-metal ring m m, Fig. 4176, which ring is received into a recess formed round tho 
interior of tho cylinder, ami the circular aperture is fitted to admit the piston L) to pass through 
it, without materially increasing the effects of friction, which ought to be avoided as much as 
possible. 

The leather is thus confined in a cell, with the edge of the inner fold applied to tho piston D, 
while tho edge of the outer fold is in contact with the cylinder all around its inferior circum- 
ference ; in this situation the pressure of the water acting between the folds of the leather, forces 
the edges into close contact with both tho cylinder and piston, and renders the whole water-tight; 
for if the leather be properly constructed ami rightly fitted into its place, it is almost impossible 
that any of the fluid can escape ; for the greater tho pressure tho closer will the leather be applied 
to both the pi»ton and the cylinder. 

The metal riug mm is truly turned in a lathe, and the cavity in which it is placed is formed 
with the same geometrical accuracy ; but in order to tix it in its cell it is cut into five pieces by a 
very fine saw, as represented by the lines in the diagram, which are drawn across the surface of the 
ring. The four segments which nuliate to the centre arc? nut in first, then tho segment formed by 
the parallel kerfs (the copper ring pp and the leather collar r >o being previously introduced), aud 
lastly, the piston which carries the pressing table. 

That part of the cylinder above the ring m m where the inner surface is not in contact with tho 
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piston is filled with tow or some other soft material of a similar nature: the material thus inserted 
baa a twofold use; in the first place, when saturated with sweet oil, it diminishes the friction that 
necessarily arises when the piston is forced through the ring m m ; ami in the second place, it 
prevents the admission of any extraneous substance which might increase the friction or injure tho 
surface of the piston, and otherwise lesson the effects of the machine. 

Tho pocking here alluded to is confined by a thin metallic annulus, neatly fitted and fixed on 
the top of tho cylinder, the circular orifice being of sufficient diameter to admit of a free and easy 
motion to the piston. 

If a cylinder thus furnished with its several appendages be placed in the frame, and the whole 
firmly screwed together, and connected with the forcing pump, as represented in Fig. 4170, the 
pre.“H is completed and ready for immediate use ; but in onler to render the construction still more 
explicit and intelligible, and to show the method of connecting the press to the forcing pump, let 
Fig. 4177 represent a section of the cylinder with all its furniture, and a small portion of the tube 
immediately adjoining, by which the connection is effected. 

Then is F F the cylinder ; D, tho piston ; tho unshaded parts oo tho leather collar, in tho folds 
of which is placed the copper ring pp, distinctly seen but not marked in the figure; mm is the 
metal ring by which the leather collar is retained in its place ; i( „ 

n n, the thin plate of copper or other metal fitted to the top of 
the cylinder, between which and the plate m m is seen the soft 
packing of tow, which we have described above, os perform- 
ing the double capacity of oiliDg the piston and preventing 
its derangement. 

The combination at w x represents the method of connect- 
ing the injecting tube to the cylinder ; it may be readily 
understood by inspecting tho figure ; but in order to remove 
all causes of obscurity it may be oxplainod in the following 
manner. 

The end of tho pipe or tube, which is generally made of 
copper, has a projecting piece or socket flange soldered or 
screwed upon it, which fits into a perforation in tho side or 
lose of tho cylinder, according to the fancy of the projector, but in tho figure before us the perfora- 
tion is in the side. 

The tube thus furnished is forcibly pressed into its scat by a hollow screw v. colled a union 
screw, which fits into another screw of equal thread made in the cavity of the cylinder; the joint is 
made water-tight by means of a collar or leather, interposed between the end of the tube and tho 
bottom of the cavity. 

A similar mode of connection is employed in fastening the tube to tho forcing pump, the 
description of which, although it constitutes an important portion of the apparatus, does not 
properly belong to this place ; the principles of its construction and mode of action must therefore 
dc supposed ns known, until we come to treat of the construction and operation of pumps in 
general. 

Admitting therefore that tho action of tho forcing pump is understood, it only now remains to 
explain the nature of its operation in connection with the hydrostatic press, the construction of 
which we have so copiously exemplified. 

In order to understand the operation of tho press, we must conceive the piston D, Fig. 4170, as 
being at its lowest possible position in the cylinder, and the body or substance to be pressed placed 
upon the crown or pressing table E ; then it is manifest that if water be forced along the tube bbb 
by means of tho forcing pump, it will enter tho chamber of tho cylinder F immediately beneath tho 
piston D, and cause it to rise a distance proportioned to the quantity of fluid that has boon 
injected, and with a force determinable by the ratio between tho square of the diameter of tho 
cjlifidcr and that of the forcing pump. The piston thus ascending carries its crown, and conse- 
quently the load along with it, and by repeating tho operation more water is injected, and tho 
piston continues to ascend till the body comes into contact with the head of the framo B. when tho 
pressure begins ; thus it is manifest that bv continuing the process the pressure may be carried to 
any extent at pleasure; but wo have already stated, in developing the theory, that there are limits 
beyond which, with a given bore and a given thickness of metal, it would bo unsafe to continue 
the strain. 



When the press has performed its office, and it becomes necessary to relieve tho action, the dis- 
charging valve placed in the furniture of the forcing pump must bo opened, which will admit tho 
water to escape out of the cylinder and return to the cistern, while the table and piston, by menus 
of their own weight, return to their original position. 

Friction of the Collar . — There hail long been a lack of trustworthy information on the friction of 
the leather collars in hydraulic presses, until John Hick, C.E., of Bolton, carried out a aeries of 
valuable experiments, which furnished the following results; — 

The friction increases as the pressure increases. 

The friction of the leathers for rams of different diameters, if tho pressure to the unit of area l>c 
the same, increases iu direct proportion with the diameters, or with the square roots of the respec- 
tive gross loads. 

The depth of tho bather does not affect the friction on the ram. In several of the cxi*erimcnts 
the leathers were cut after the first trial to half the depth, and after the second trial to one-quarter 
the original depth, and the results, in all three cases, were practically the same. This led to tho 
talief that tho water pressing against the sides of the ram produces a friction equal to that pro- 
duced by the leather to the uuit of area acted upon by the water. New cylinders were therefore 
tried, in which double the length of ram was opposed to tho pressure, and the frictiou was again 
the same. It is thus evident that tho depth of tho leather and the length of min in the cylinder 
have very little, or practically uo influence on the total friction. In fact, it ap|>care that the 
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wholo friction is produced juBt where the leather emerges from the hollowed port of the groove 
and begins to lean against the ram. 

The experiments made with leather collars for a ram 4 in. in diameter, the leather being 
quite new and stiff and sparingly lubricated, hIiow the greatest friction to be 1 *55 per cent, of the 
pressure on tho area of 12 ‘50 H|. in., and the smallest friction os 107 per Cent. If wo 
take 1*5 per cent for a 4-in. ram under these unfavourable circumstances, we are quite on the safe 
side. Forty-eight experiments made with leather collars used, before, ami well lubricated, give 
un average friction of 0*72 |»er cent, of the pressure on a ram of 4 in. diameter. In some of these 
exjieriineuta the friction was os high as 1 per cent., in others us low as 0*5 per cent., the variations 
being 0 5 per cent. 

Thirty-four experiments with a ram 8 in. diameter show the friction to be, on an average, 
0*305 per cent, of the pressure on the area of 50*26 sq. in. In some of these experiments 
the friction was as high as 0 52 per cent, whilst in others it was as low us O' 20, the variations 
being only about one-fourth per cent. 

If we therefore take the friction of leather collars for hydraulic presses, or other hydraulic 
machinery in good working condition, as 1 per cent, for ramB of 4 in. diameter, or as 0*5 per cent, 
for rams of 8 in. diameter, we may be certain that this will meet the generality of eases. 

From the experiments is deduced the following formula ; — F = D X P x c, in which F = total 
friction of leather collar; D = diameter of ram in inches ; P = pressure to the square inch ; C = a 
coefficient’; 0 = 0*0171 if leathers new or badly lubricated ; 0 = 0*0314 if leathers in good 
condition and well lubricated. Where the pressure is given to the circular inch the formula 
becomes ; — F = D x P., x G, , in which F = total friction of leather collar ; D = diameter of nun 
in inches; P„ = pressure to the circular inch; C 0 = a coefficient; C„ =0*00 if sparingly 
lubricated ; C 0 = 0*04 if well lubricated. 

It may be well to select an example or two, in order to render the foregoing perfectly clear. 

First Example. — The friction of u leather collar of a 12-in. ram with a pressure of 5000 lbs. to 
the square inch F = 12 x 5000 X 0*0314 = 1K84 lbs. if well lubricated. The total pressure on 
a 12-in. ram is = 113 x 5000 = 505000 lbs. ; and the friction, as found above, 1884 ■+■ 505000 = 
0 * 0033, or one-third per cent. 

Second Example . — The friction of the leather of a 5-in. ram, with G500 lbs. pressure to the 
circular inch; — F = 5 X G500 x 0*04 = 1800 lbs. The total pressure on the 5-in. ram = 
25 x 6500 = 162500 lbs. ; and the friction, as found above, 1300 4- 162500 s 0*008, or eight-tenths 
per cent. 

The annexed Table gives, in a compact and convenient form, the frictional resistance in 
percentage of tho totul hydraulic pressure for rams from 2 in. up to 20 in. in diameter. 
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Friction of Leather Collar for Ram 4 in. Diameter. 
Leather well lubricated. 
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PoridtU Hydraulic Pres .s. — Fig. 4178 show* a section of an Improved hydraulic lmnd-preas, by 
O Wynne and (jo., Em Street Works, London. This press can be used for expressing oil from 

Hnaeod, rape, cotton, oolxa, 
jioppy, or other seeds, and is 
u very convenient arrange- 
ment, well suited for India 
and the colonies. The ma- 
chine consists of a cylinder 
7 in. diameter, with I -inch 
ram. On the top of the ram 
b cast a receiver with a lip, 
into which the oil runs after 
being pressed out of the seeds. 

The top of the ram is abio 
tith'd with an arrangement 
for biking two boxes ; much 
time i» thus eared by filling 
one while the other lb under 
pressure. 

The ram is worked by a 
email hydraulic pump of 
gun-metal, fitted on to the 
tank, which also forms the 
base of the preen. The pump 
is fitted with pressure-gauge 
and self-acting safety-valve ; 
the lever handle is made in 
two pieces for convenience 
of travelling, and the ma- 
chine is rendered portable 
by being erected upon a car- 
riage fitted with wheels and 
handle. The weight of the 
whole is about Id cwt. ; it will give a pressure of about GO tons, and, with one press-box, will 
press alxmt 1 J bushel of seed an hour. 

J/ydrant . — A hydrant is a pipe or spruit at which water may be drawn from the mains of an 
aqueduct : it is, in fact, a large water-plug. Fig. 4170 is a section of one of tbo hydrants used in 
the city of Brooklyn, 17,8. Upwards of eight hundred hydrants are in use in that city, distributed 
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over 120 miles of pipes. Although the diameter of these pipe* varied from 0 to 343 in., 4-in pipes 
were exclusively used to connect the hydrants with the street pipes. 

Fig. 4180 relates to a simply-constructed hydrant invented by Win. Kearney, Union Township, 
N.J. A It is the case ; O, a sliding disc-valve perforated at 8 ; F, screw stem ; II, tho nozzle ; 

41 T9. 4 ISO. 





J, discharge-pipe; n, valve-rod ; G in. supply-pipe. Tho valve O is operated by means of tho 
screw stem, which admits the water, while a cavity on tho lower etlgc opens a communication 
between tho discharge and waste pipes. 

fcoo Aiu-Cuamueh. Ckowjbah. Duainaok. Engines Varieties or. Trails and TrairiNo 
Engines. 
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Works relating to Hydraulics and Hydraulic Machines : — ‘RnocoltA d’Autosi cho trettano del moto 
dell’ aequo/ 8 vola., 4to, Firenze, 1765-70. Bosmit (C.X 4 Traite' Theorique ct Experimentale 
d’Hydrodyuomique/ 2 vola., 8vo, Paris. 1796. Dubuat, ‘ Principcs d’Hydraulique/ 3 vola., 8vo, 
Paris, 1816. * Hydrodynamics,’ from the ‘ Encyclopedia Metropolitana/ 4to, 1829. Poncolet et 
Lesbros, 1 Experiences Ilydrnuliquea sur las Lois de 1’ficoulement des Eaux/ 4 to, 1832. Jamieson 
(A.). ‘ Mechanics of Fluids for Practical Men,’ 8vo. 1837. Moseley (H,), 4 Treatise on Hydrostatics 
and Hydrodynamics/ 8vo, 1847. Boileau (P.), * Traite do la M enure des Eaux Couranteo/ 4to, 1854. 
Ewbnnk (T.) t * Descriptive and Historical Account of Hydraulic Machines,' 8vo, New York, 1856. 
D’Arcy (H.), ‘ Recherchea Expcrimentales relatives au Mouvement de l'Kau dans lea Tuyaux/ 
2 vola., 4to, 1857. D’Auhuiaaon de Voisina, ‘Treatise on Hydraulics,’ translated by J. Bennett, 
royal 8vo, Now York, 1858. Neville (J.), ‘Hydraulic Tables,* 8vo, I860. Downing (C.X ‘Elements 
of Practical Hydraulics/ 8vo, 1861. Beard more (N.), * Manual of Hydrology/ 8vo, 1862. Dupuit 
(J.), * fitudea Thcorinuea ct Pratiques but le Mouvement dea Eaux,’ 4to, 1863. Alorin (A.X * Machines 
ct Ap|iarcils destines a l’Klcvation dea Eaux,’ 8vo, 1863. Morin (A.), 4 Hydr&ulique/ 8vo, 1865. 
D’Arcy et Bazin, 4 Rochercbes Hydrauliques/ 4 vols., 4to, 1865-60. Francis (J. B-X 4 Lowell 
Hydraulic Experiments,’ 4to, New York, 1868. Box (T.X ‘ Practical Hydraulics,’ crown 8vo, 1870. 
Cullen (W.) ‘On tho Turbine/ 4to, 1871. Armengaud, aind, 4 Traite dea Moteura Hydrauliques,’ 
2 vola., 4to, Paris. 8ec also Sganzin, 4 Coura do Construction ; ’ Robison’s ‘ Mechanical Philosophy ; * 
Prechtl, 4 Technologische Encyklopidie/ article “ Hydraulic ; " Wiesbach, 4 Lchrbnch der Ingenieur * 
ter on Hydraulics), Brunswick, 1863. 

Y DR 0 METER. Fr., Hydrometre ; Geb., Hydrometer ; Itau, Idrometro; SpAX., Hidrdmetro. 

8ee Saccharometer. 

HYGROMETER. Fr., Hygrometre ; Geb., Hygrometer ; Ital., Tgrometro; SPAX., Higrdmetro. 

A hygrometer is an instrument for measuring the degree of moisture of the atmosphere. It 
is principally used for meteorological purposes, but it ia also of great 
service in determining the degree of humidity of the air in certain 
manufactories und in conservatories. The form of the instrument 
employed for this purpose ia known as Mason’s Dry- aud Wet-Bulb 
Thermometer, Fig. 4181, which oonsiata of two thermometers, as nearly 
as possible identical, the one marked dry, the other wet. The bulb of tho 
wot thermometer is covered with thin muslin, round the nock of which 
and over tho muslin is twisted loosely, or tied in a loose knot, a con- 
ducting thread of lamp-wick, common darning-cotton, or floss silk ; this 
posses to an adjacent vessel of water placed at such a distance as to 
allow a length of conducting thread of about three inches. The reser- 
voir of water should be placed on one sido and a little beneath, so that 
evajiorntion from tho water may not affect the reading of the dry bulb 
by its too near vicinity. Before use, the cotton lamp-wick should be 
washed in a solution of carbonate of soda, and pressed whilst under 
water throughout its length. In use it should be of such extent that 
tho water conveyed be sufficient in quantity hi keep the muslin on the 
bulb as moist as when the air is saturated with vapour. The amount 
of water supplied can be increased or diminished by increasing or 
decreasing tho extent of the conducting thread. The temperatures 
of the air and of eva{>oration ore given by the readings of the two 
thermometers. 

ICE-MAKING MACHINE. Fr., Congehtcur; Gen.. Eismaschme. 

Ice acts as a cooling agent in virtuo of the physical fact that, in 
common with all solid substances, it requires an expenditure of heat for 
its conversion into the liquid state. The heat thus applied does not pro- 
duce any elevation of temperature, but as the ice melts it disappears, 
so far as the indications of the thermometer will show, and there remains 
a quantity of water of tho some temperature as the ice itself. Thus 
when ice or snow is mixed with three-fourths its weight of boiling water, 
tho water remaining after tho ice has melted has a temperature of 
32" Faltr., the name as the ice itself ; the quantity of heat in the boiling 
water, corresponding to tho interval of temperature between 32° ana 
212 :> Fahr., having been rendered latent, or expended in effecting the 
liquefaction of tho ice. It is in this way that ice cools water, air, or 
any other substance it ia brought in contact with which has a tempera- 
ture higher than 32° Fahr. Heuce refrigeration is simply a manipula- 
tion of heat. It is an operation in this respect perfectly analogous to 
the production of a high temperature, in so far as both processes consist 
in the transfer of heat from one substance to another, and are subject 
to tlm same general laws. They ore, however, reverse processes. Thus 
in generating steam, heat produced by the combustion of fuel is com- 
municated hi water. In making ice, on the contrary, heat is abstracted 
from water, and in this process the water which is cooled corresponds 
to the fuel burnt in generating sh am, or in converting any other substance into vapour. Just in 
the same way that the fuel in burning yields its heat to the substance vaporized, so does the water, 
in making ice, yield its heat to some other substance capable of receiving it. 

This is the nature of the work to be done in mukiug lee, and it is now necessary to consider tho 
amount of that work requisite for producing a given quantity of ice. 

Water at tho temperature of 69’ Fahr. contains an amount of beat groat er than that contained 
in an equal weight of ice at 32° Fahr. to the extent of 170‘65 hcot units for each pound, con- 
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soqucntly to oonvort water at CO^ F«hr. into ice, it is noe-oasary to abstract that amount of heat 
from it. Thus to produce a ton of ice the quantity of heat to be abstracted from water at 60° Fahr. 
amounts to 

ll*ftt unit*. H*. 

382256 = 2240 x 170*65. 


This is a quantity of heat not more than about ono-eightieth part of tliat capablo of being 
generated by the combustion of a ton of ordinary coal. 

The means by which this amount of heat may be abstracted from water consist in producing 
some physical change involving nn cxjwndituro of hent, anil doing this in such a way that the 
liont required for. and applied to tliat purpose, is abstracted from the water to be cooled and 
frozen. The conversion of any substance into vnpotir is a change of this kind, which involves nn 
expenditure of heat similar to that taking place in the melting of ice. The amounts of hoat thus 
absorbed by various substances in vaporizing aro as follows ; — 


Latent beat a lb. 
Heat unit*. 


Water 966*1 

Liquid ammonia 900*0 .. 

Alcohol 864 *3\ 

Ether 162*8/ " 


Authority. 

Regnault. 

Favre and Silbermann. 
Andrews. 


The amount of heat thus disposed of and rendered latent in the formation of steam from water 
is considerably greater than that existing in the lateut condition in liquid water, or, what amounts 
to the same thing, that expended in melting ice ; but the vaporization of water cannot be applied 
as a means of refrigeration to any great extent, because under the ordinary atmospheric pressure 
it does not take place readily or with sufficient rapidity at temperatures much below the normal 
boiling-point, or 212" Fahr., and even when the pressure is removed by means of an air-pump, the 
vaporization of water proceeds very slowly at low temperatures. There are, howover, other 
substances which vaporize readily under these conditions; and, for this reason, they are specially 
suited for artificial refrigeration, although the amounts of heat expended and rendered lateut in 
their vaporization urc less than in the case of water. Ether, alcohol, and liquid ammonia aro 
substances of this kind ; and. according to tho foregoing data, expressing tho latent heat of their 
vapours, tho quantities of each of these substances which would have to oe vaporized, in order to 
produce a ton of ico from water at 60° Fahr., or to produce a refrigeration equivalent to the 


melting of a ton of ice, would be ; — 

lbs. 

Ether 2348 009 

Alcohol .. 1049*272 

Liquid ammonia 424*728 


From this comparison it will bo seen that the expenditure of heat accompanying the vaporiza- 
tion of liquid ammonia is much greater than it is in tho case of alcohol or ether, and that in this 
respect it is the most powerful as a refrigerating agent. But the amount of hent rendered latent 
in the vaporization of any substance is not the chief point which determines its efficiency ns a 
refrigerating agent. The degree of facility with which a substance vaporizes at low temperatures 
is of still greater importance, as will be evident from the following Table, which gives the tension 
of the vapours at different temperatures below the boiling-points of the liquids under normal 
atmospheric pressure. 


Normal Boiling-point. 

Ammonia. 

Ether. 

Alcohol. 

Water. 

28° 

95" 

172° 

212° F. 

° Fail. 

/ m 

Tension of 9? 

vapour in »» 

inches of _ , 

mercury at ~ ^ 

, - 109 

Inches 

463*64 

254*61 

181*58 

124*52 

55*03 

20*81 

9*45 

IncbMt. 

35*81 

17*06 

11*28 

7*22 

2*66 

InchcjL 

5*26 

1*75 

•96 

*50 

‘13 

Inch ml 
2*16 
•68 
*86 
*18 


Since the tension of a vapour at any temperature is tho measure of the facility with which tho 
liquid evaporates at that temperature, it will be seen from the data in this Table that in this respect 
there is a very considerable difference between the liquids there named. Here, again, the cha- 
racters of liquid ammonia aro such as to give it a marked precedence over all the other liquids, as 
a refrigerating agent, by reason of its relative capability of vaporizing at very low temperatures. 
This substance is in fact gaseous under normal pressure, within the ordinary range of atmospheric 
temperature, the boiling of the '.liquid being many degrees below tho zero of Fahrenheit’s scale ; 
and at ordinary temperatures it requires a pressure of from eight to ten atnnwpheres — 117 to 150 lbs. 
a square inch — to maintain it in the liquid state. 

Alcohol, although it has a greater capability than ether of absorbing hent in vaporizing, is still 
inferior to ether as a refrigerating agent, on account of its Wing much less readily vaporized at low 
temperatures ; and even ether evaporates bo slowly at temperatures much below its normal boiling- 
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point, that it can bo used for refrigerating only with the aid of an air-pump to maintain the requi- 
site rah 1 ; of vaporization. 

Liquid ammonia is therefore by far the most efficient material to use for this purpose, not only 
on account of its ready vaporization at low temperatures, but also because its power of absorbing 
heat in that change is but little inferior to that of water. 

Another process, iu which heat is expended and rendered latent, is the expansion of air. The 
amount of heat thus absorbed is at the rate of ‘000, or about -j^th of a heat unit for each pound of 
air expanded to the extent of *002035, or about T ^ G tii of its volume at 32 n Fahr. under normal 
pressure. If therefore air be compressed, say to one-tenth of its bulk, and, after being cooled to a 
low temperature, it be nllowed to oxjioiid in such a way as to perform mechanical work, such as 
moving a piston, there is an expenditure of heat proportional to t ho resistance overcome and to the 
degree of expansion. Consequently the temperature of the gas is reduced during the act of expan- 
sion, and this olfi-ct may be taken advantage of for purposes of refrigeration. The chief disadvan- 
tage of this method consists in the great expenditure of power requisite for compressing the air, 
which involves a largo consumption of fuel. 

From what has been stated, it will be apparent that at present the choice of a refrigerating 
agent for producing ice or great degrees of cold lies between ammonia, ether, and air, and that 
ammonia presents the greatest advantages for this purpose. 

The expansion of compressed air appears to have been the means first adopted for making ice, 
by Dr. Gome, of Amoriea ; and in this country ether was the material employed in one of the 
earliest ice-making machines invented by Harrison, in 1850. 

The fundamental principles on which this apparatus was constructed were correct, but there 
apjKtars to have been several serious errors made in their application, and the plan did not coruo 
into use in this country. The ether inachiuo was afterwards improved by Mes-rs. 8iebe in 1802, 
ami they have since employed themselves specially to the manufacture of these ice machines. Mcvt 
of those which have been made were for India and other hot climates, where it has been found 


more Advantageous to make ice by artificial refrigeration than to imjiort it from America, owing to 
the large amount of waste by melting during the voyage tlirmigh warm latitudes. 

In the year I860 another apjiaratus was invented by M. Carre, of Paris, in which a very strong 


solution of ammonia was used os the refrigerating agent. The arrangements of this apparatus pro- 
vided for the condensation of the ammonia vaporized in the refrigerator, in such a way that it was 
used over and over again, and the operation of the apparatus was continuous, as in the case of the 
ether machino. Fig. 4182 represents this apparatus. A strong, vertical boiler. A, is charged with 

a concentrated solution of ammonia, to which heat 
4,,3> is applied uuder a pressure of 100 to 135 lbs. the 

square inch, and the mixture of gaseous ammonia 

f ■ r - U . and steam produced passes off through an asrond- 

i -JCj, i ing coil of pipe, H, attached to the upper end of 

• T\ J 7 *h° ^°^ or ) * n ^° a tubular condenser, D, surrounded 

by cold water, where the distillate is cooled and 
! • liquefied under the pn*aure above stated. The 

j- j*f condensed liquid collects in a receiver, *, and 

c^pgr j { m thence passes by the pipe e' into the refrigcratoc 

I 4' 1 1 & ^ F at a rate which is regulated by a special co*»- 

1 ^ trivonce. 

I )! The refrigerator F consists of a closed vessel 

O with tubes, /, closed at the bottom and open at the 
top, fitting tightly into the cover, so that the liquid 
ammouia surrounds them. Into these tubes cylin- 
drical vessels are placed, containing the water to be 


I 



frozen. The upper end of the refrigerator is connected by means of n pipe, G, with a vessel, H, 
within which the gaseous ammonia discharged from the refrigerator comes in contact with a con- 
tinuous supply of cold water, and is thereby absorbed, while the solution of ammonia produced is 
removed from the bottom of the vessel H by the pump I. In this wny the gaseous ammouia is 
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nuioveil from the refrigerator and tlu- pressure kept m low tlmt tho liquid ammonia 19 vaporized 
continuously. thereby abstracting heat from the contents of the tubes/. 

The solution of aniueinia pro.lueed in the absorber It is forced by the pump I through the pipe 
b into the outer casing of a tubular vessel, K, called tho regenerator, through tho tubes of which 
hot water exhausted of ammonia Hows in the op|iosito direction from the boiler A. Here an inter- 
change of temperature takes place, the solution of ammonia becoming heated while the exhaust, si 
liouor is cooled. The solution of ammonia thus heated then passes on into tho closed vessel ulsivo 
tho ho, h r and containing the ooil B, where it is still further heated, while tho gaseous ammonia 


and steam within the coil 

B are pfirtially cooled 
and condensed, and it 
then flow* by tho pipe 6* 
into the boiler A, to servo 
for a repetition of the 
process. 

Tho hot liquor ex- 
hausted of ammonia 
meanwhile flows from 
the boiler in a regulated 
current through the pipe 
J into the tubes of the 
regenerator K, thence 
through » cooling worm, 
m, surrounded by water, 
where its temperature is 
sufficiently reduced, msd 
then panes into the ab- 
sorber H, furnishing the 
supply of water for dis- 
solvin':,' the ammonia as 
already deeeribe-d. 

This machine has 
been largely used in 
tin: south of l*r:iMf'i' for 
effecting the crystalliza- 
tion of nits by cooling, 
ami several have been 
sent out to India for 
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making tee. - <ui 

In 1862 A. C. Kirk _ , 

invented a machine in | f] >;c . ", ~ g -j 

which the alternate com- EOSIs St — — fH 

pinion and expansion "J5 SSH 1 IS 

of air was applied as the | g 

meant of refrigeration. c 

The arrangement nf the . 2 , t'f: 

machine was very ^wC : ]6| ST 

but for making io© it was ivir i 

expensive, on account ==d 

of the relatively large \ ^ 

expenditure of power re- ^ I k 

quired. Kirk has, how- m "■"■'l'" J, L-li ' | 1 'IT 

ever, reoently introdneed | I 1 | \ 

another form of his jl | Ifv I \ 

machine, which soemn if --- J- 1 — 

better adapted to refri- \ h^jU J. w^P/A 

gerate economically. ->*tl \\ V 

Fig. «IB» is u plan yf . I \/ \ 

partly in hori»>utal sec- // *,/>] T I \N\ \ 

tan. Fig. 4184 an end // / \ -a \\ q \\ X\ N 

elevation partly in ver- // // ]j J JV. \ VI \\ \\ , 

Meal section, of this im- / // tj , \ \ Vvy \ \ . |\ 

prove*! apjiaratna. It // / ^ j /' j ® ' I \ *X\ V y*; ,V 

comprise-. two vertical / ! |\ \ \\ 

cylinders l, 2 , each // ;j Iff //'\J ’ IA W\ \ \C | 

funned in the same oast- if if ff / /A, 1 A 

ing, with casings con- j [ // ( jf \ /TfajTVv, ,U\\ • \ 

tainfng accessory vpacos — -• * — 11 — 

and passages and | 

mounted in an inverted f ; — -- : — — •— r- 

portion on frame abui* 

danh 3 over tha erank cJ 

»haft 4, by which their 

pistmi* 6 are actuated through connections of a common kind. The abaft 4 is* fitted with a 
and with a pulley 8, the latter receiving ft driving belt from a convenient prime mover. 
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dors 1, 2 4 have porta at both ends, and one half of Fig. 4183 represents the section as at the level of the 
lower porta, but only the port 9 of one cylinder 1 is seen, os the lower jiort of the other cylinder 2 is 
at the other side. From the bottom of cylinder 1 the air can pass through the port 9, thence through 
a set of tubes 10 to a regenerator 11, the other sido of which communicates through a second set of 
tubes 12 with a space 13 having at its upper end a port leading into the top of the other cylinder 2. 
This space 13 is very narrow at the level of the Bection, but increases in width upwards. The bottom 
of cylinder 2 communicates through similar parts in the casings 14, 15. with the top of cylinder 1. 
The spaces crossed by the tubes 10 and those in the casing 15 are occupied and traversed by the water 
or other liquid used to abstract heat from the compressed air, such water entering by a pipe 16, and 
being discharged by a pipe 17, first however being led by means of pipes 18 through spaces 19 formed 
at the outer sides of the cylinder ports 9. A pump 20 worked by a lever 21 connected to one of the 
piston-rod slide-blocks is used for forcing the liquid to be cooled through the apparatus, and this 
liquid passes by a pipe 22 into the casing 14 crossed by tubes, passing thence to the sjiace crossed 
by the tubes 12, and through pipes 23 and spaces 24 to the outlet-pipe 25, it being preferable to 
employ in the apparatus air which in its most expanded state therein is of a greater than atmo- 
spheric pressure. A force-pump 26 is provided for forcing in air to compensate for any leakage, 
being arranged to be worked by means of a lever connected to one of the piston-rod slide-blocks. 
The pipes for leading the air from the pump to the interior of the apparatus are not shown, but 
may be arranged in any convenient way in communication with the top and the bottom of either 
cylinder, provision being made as usual for dryiug the air so forced in. The cylinder 2 and tho 
jwurts in connection with it in which the compressed air exj»ands are shown in Fig. 4134 aa enclosed 
in an outer casing 27, to prevent as far as possible the communication of bent from the atmosphere, 
and the jacket space euclosed by this casing is to be filled with any suitable non-conducting 
substance. 

An improved form of the ammonia apparatus, which comprises some novel features of very 
great importance in regard to tho use of that material for refrigeration, was invented by Mr. Reece 
in 1867. The arrangement of this apparatus is shown by Fig. 4185. Tho boiler A is charged 



with water or a very weak solution of ammonia, and the steam, discharged under a pressure of 
100 lbs. to the anuare inch, passes by the pipe aa to the bottom of a Coffev’s annlyzer B, 
consisting of a tall columnar vessel with a series of plates arranged one above tho other inside. 
Into the top of this vessel a concentrated solution of ammonia is pumped continuously, and in 
descending from plate to plate it meets tho ascending current of high-pressure steam, the effect of 
their contact being to convert the ammonia into gas, while the steam is condensed and flows lack 
again to the boiler A. The gaseous ammonia {Misses out of the analyzer by tho pipe g into a 
tubular rectifier I) D, where the reinainiug steam is condensed and separated,* while the ammonia 
passes on through a condenser F F, where it is limiefied, and then flows through a pipe to tho 
refrigerator II, the supply being regulated by a cock a. 

Meanwhile a regulated current of spent liquor |masos from the boiler into a long tube, C, 
called the heater, fitted with nn internal set of tubes, through which the concentrated solution of 
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ammonia is forced by the pump J into the top of tbe analyser. Uy i 
of ammonia in heated, and at the same time tho hot liquor from the boiler in sufficiently cooled to 


By this means the eolation 

r liquor from the boili 

bo supplied to tbe absorber I, into which it is forced by the pressure of tho toller, through tho 


pipe x, fill’d with a cook tc, to regulate tho supply. In the absorber I this water becomes 
saturated with gaseous ammonia discharged from the refrigerator H, and tho resulting strong 
solution of ammonia is then pumped out into the analyzer. 

The important feature of this arrangement consists in the application of the analyzing column 
B, and the rectifier D D, by which it is intended thut the dehydration of the ammonia should be 
carried so far that the condensed liquid passing lute the refrigerator may be practically free from 
water, while in Carre’s ap- 
paratus the liquid supplied 
to the refrigerator contains 
25 per cent of water, and 
only 75 per cent of actual 
ammonia. 

Many attempts have been 
mode to utilize for the pro- 
duction of cold tbe well- 
known principle of the lower- 
ing in temperature of a gas, 
air for example, when it 
dilates in exercising an ex- 
terior pressure. The com- 
parative* failures of those 
attempts have been caus'd 
by the insufficiency of tho 
means employed to di-stroy 
the hearing of the air occa- 


sioned by its compression, for 
i i« toe great difficulty to 
to overcame before the prin- Vt 


ojplo can to made use of. 





Leon Mignot proposes to 
overcome this by cooling tho 
air during the compressing 
notion, and in the atum- 
cylinder where it is effected, 
instead of having the water 
and air separate, to put thorn 
in contact, that i.n to say, to 
inject tbe cooling fluid, either 
air or w after, into t lie midst of 
the air or gas as it is being 
compresses L 

Fig. 4180 of the nmun- 


panyiug drawing* is a longi- 
tudinal section cm Mi gaol’s ice- 
making machine; Figs. 4187, 
4188, transverse sections; and 
Fig. 418,9 nn enlarged Nofiooof 
the compre ss i on cylinder A. 

The air neeptaola (» forms 
the base of the whole machine; 
it supports at its ends the com- 
pression cylinder A, ami tho 
expansion cylinder B, and nt 
the centre tlic supports of the 
crank -shall O, the centre por- 
t» M 
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tion of which receives the rods of both cylinders. Each of the cylinders is double-acting, thnt 
is to say, they aspire and throw back from both sides of their pistons P and Q : they are pro- 
vided with valves a\ a*, a * 
a 4 , serving for the suitable 
distribution of air for the 
compression cylinder A, and 
6', b 1 , /j 3 , 6*, for the exjwn- 
sion cylinder B. The valves 
are formed of metal discs 
provided with a cop|>er ring, 
cut in such a manner ns to 
close tho orifice, following a 
circumferential line of con- 
tact. The valves nre worked 
by rods actuated by forked 
arms, commanded in the cost* 
of the compression cylinder 
by butting-pieces fixed to 
the piston-rod, and in tho 
case of the expansion cylin- 
der by eccentrics fasti ned on 
the main shaft. The com- 
pression cylinder A draws 
the nir through its two 
aspiration valves a 1 , a*, and 
throws it out through its 
two other valves a*, a * ; 
against this cylinder the 
injection arrangement is 
fitted for the cooling of the 
air iu proportion to its com- 
pression. It is simply com- 
posed of a puiup M, the piston m of which, actuated by a rod united to tlm principal crank, 
sends the cold water through one of two pipes n and n l into the part of the cylinder where tho 
compression takes place. The mixture of compressed air and water without "being heated pro- 
ceeds by one of the outlet-valves a* or a* and enters into the receptacle S, which forming a siphon 
serves to effect the separation of the fluids through the water falling to the l>oUom. The air being 
retnined at tho upper part of the receptacle is allowed to escape through a valve or jjort and 
pijte, which leads it to the lower ]>nrt of the receiver G. The water on the other hand descends 
into n reservoir U, where it finds its level; tho excess falls into the air receiver through an 
orifice situated at its side. The receiver is provided with inolined plates forming a zigzag 
course or passage, in which the two fluids, air and water, circulate in r contrary direction ; tho 
air rising to the upper part of tho chamber and kept in reserve to be taken by a pipe which 
lends it to the expansion cylinder It, whilst tho water w hich has passed through the pipe in U flows 
downwards towards r, and leaves the receiver finally, or iH again returned to the apparatus by an 
injection-pump. The expansion cylinder B draws the nir from tho receiver G through the pipe 
• communicating with the two outlet-valves 6*, b*. Tho refrigerated air leaves tho cylinder through 
one of the outlet-valves &*, I?, and passes into a pipe c, from whence it is led into the medium or 
place to bo cooled or frozen. 

With this arrangement of mechanism the lowering of the temperature may be carried to any 
desired extent by taking a portion of the cold air produced in order to cool the injection-water, or 
even by directly compressing this cold air in the compressing cylinder A. 

It will be soon that in consequence of the inclination of the two cylinders A, B, and of the junc- 
tion of the cranks of their respective pistons P and Q u|>on the same shaft O, the compression and 
expansion take place simultaneously, the second action aids the first which gives the resisting 
force and develops the frigorilic disposition already attained. 

This article la taken, with some addition, from an excellent paper in the Quarterly Journal of 
Science, on the Artificial Production of Cold, by Dr. B. II. Paul. 

IMPACT. Fa., Choc; Gol, Stou; Si-ax., EmpaqnHdr. 

Tho word im | met implies contact or impression by touch ; collision ; force communicated. 
More }*articularly impact is the single instantaneous blow or stroke of a body iu motion against 
another either in motion or at rest. 

IMPETUS. Fa„ Mourcment; Geh., CrCste Iitvcgutuf ; Ital., / mpeto ; Span., fmpetu. 

Impetus is the force with which any body is driven or impelled ; or its momentum. 

INCLINED PLANK. Fn., Plan incline; Oku., Schieft Ebcne. 

See Mechakical Powers. 

INCRUSTATION OF BOILERS. Fr., Incrustation (k$ chaudiercs d rapeur ; Geji., Kesscl- 
ticinbi/durtj. 

• Undistilled water generally COW tains in solution a quantity of sulphate of lime, gypsum, and 
limestone, chalk, as well as smaller quantities of oilier substances. Certain waters also contain 
acid particles which destroy very rapidly metallic vessels used for evaporation. 

If water is evaporated in a boiler, the solid substances which the water mnfains in solution 
are not evaporated with it, and it will be found tlmt the water becomes more and more saturated ns 
the calcareous salts are deposited upon the metallic' walls. If these deposits are not removed they 
w ill finally become solidified and form upon the walls of the boiler a crust, the thickness as well 
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as the hardness of which increases as frequently as the water is renewed, and it then becomes 
necessary to use for its removal sealing hammers and chisels. A steam-boiler covered on its 
interior with a crust of solid deposit* termed scale, hn* its evaporating power diminished by the 
reduced iuductibility of the plates, and is exposed to the greatest dangers of explosion. In fact, 
any plate covered on the interior side with a substance which arrests the prompt transmission 
of heat, may be houtod oti the exterior side to a red In at, which will necessarily diminish 
the resistance of the metal by increasing the oxidation, thus reducing rapidly the thickna« 
of the plate. 

The disadvantageous consequences will be increased as the interior space of the boiler is 
diminished, so that in boilers with tubes, the scale may often be accumulated to such an extent 
that the space between the tubes may Ik* entirely tilled. If it now hnpjiens that the water finds 
its way through cracks in the scale between the latter and the decayed and almost rad-hot 
plate-, a sudden formation of steam takes place, which detaches the scale over an extended 
length, excises a great part of the red-hot plate to a much higher temperature than that of 
the eva|oration, and finally brings the water of the boiler in contact with the superheated plates; 
the consequence is the sudden production of p great volume of steam, causing almost inevitably an 
explosion. 

Admitting that this extreme case docs not very frequently happen, the accumulations of 
solid deposits and of a great thickness must, nevertheless, eventually bring about the destruction 
of the boiler, and will in all cases reduce it* steam-raising power. It is therefore of the greatest 
importance to prevent the incrustation of a boiler by arresting solidification of the deposits, 
if that is possible, or at least by cleaning the boiler before the scale has attained a certain 
thickness. 

The means employed for preventing incrustation are ; — 

Frequent extraction before solidification, and repeated cleanings; 

The addition of substances capable of preventing the adhesion to the plates ; 

The addition of sidwtances which form a chemical combination with the calcareous salts and 
modify their properties ; and 

Feeding with water previously purified. 

Mechanical extraction of the drjKwits and frequent cleaning of a boiler are the means most 
generally adopted, independently of the nature of the deposits, for preventing incrustation. The 
operations should he repeated os often as required by the calcareous composition of the wuter used 
for feeding the boiler. 

The extraction of the deposits, at least of the liquid portion of them, may be effected by means 
of special tubes designed for the purpose; the solid scale fixed to the plates of the boiler or 
heating tubes, especially nt the places exposed to great bent, can only be removed by striking 
them with a scaling hammer after the boiler has been emptied. If moderately pure water is used 
for the boiler, extraction and cleaning are sufficient, but the cleaning should bo repeated 
frequently, so that the deposits are not allowed to get hard ; should, however, a few solid derxwits 
remain behind, the hammer has then to be used, and with this view, the diameter of the boiler 
should be arranged so on to allow admittance of a man or boy. 

Care should, however, be taken to empty the boiler only when cold, otherwise the furnace of 
the boiler, still very Lot, calcines the residue after the water bos been let oft', and it becomes then 
very difficult to remove. 

It is therefore indispensable that no part of a boiler should be inaccessible to necessary tools 
for separating and removing the deposits; it is of equal importance thnt the i>ort* in direct 
contact with the hearth should present no marked projection or deepening in which the calcareous 
products could accumulate, get hard, and become almost immediately separated from the liquid, 
ouch is especially the case in the joints of the fire-box of locomotives and in other steam generators 
of a similar construction, where enre is taken to fix plugs which may be removed w hen desired in 
order to introduce tools through the holes for the raising of the dcitosits. 

Substances hindering the adhesion of Deposits . — If the water used contains a high percentage of 
calcareous salts, and if frequent cleaning of the boiler does not prevent the formation of scale, it 
becomes necessary to adopt special means to diminish the inconvenience. 

The following remedies nave, among others, beeu need with varying success to prevent 
incrustation ; — 

1. Potatoes, -j^th of weight of water prevents adherence of scale. 

2. 12 |iurta salt, 2} caustic soda, jth extract of oak hark, } potash. 

3. Pieces of oak-wood suspended in boiler anil renewed monthly. 

4. 2 oz. muriate of ammonia in boiler twice a week. 

5. A coating 3 parts of black-lead, 18 tallow, applied hot to the inside of the boiler every few 
weeks. 

6. 12} lbs. of molasses fed into an 8-horse boiler nt intervals, prevented iucrustation for six 
months. 

7. Mahogany or oak saw-dust in small quantities. Use this with caution, as the tannic acid 
attracts iron. 

8. Carbonate of soda. 

9. Slippery elm-Lark. 

10. Chloride of tin. 

1 1 . Spent tanners’ bark. 

12. Frequent blowing off. 

Prelimitutry Purification of the Feed-water . — Thero is no better means of preventing incrustation 
than to feed the boiler, where circumstances permit, with water already purified and free from all 
calcareous salt* or corrosive acids. 

There are two ways of obtaining this result : preliminary distillation, and chemical operation. 

ti m 2 
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If the water destined for the feeding of a boiler had to bo always distillated, the expenses for 
fuel would be doubled ; this plan has therefore to bo abandoned, unless tho waste beat of the 
boiler-furtiaoc can be utilized for the purpose. 

This has been tried in many cases ; the first or preliminary heating of the water being 
effected in auxiliary recipients or vessels of less im|>ortnnce than the boiler, and which are not 
cx]x»M»l directly to the fire upon the grate. Tho incrustation in these vessels will therefore bo 
less strong than in the boiler. 

The importance of the deposits could also be much diminished by the condensation of the 
steam used in the engine, upon cold surfaces in order to make it again applicable for the feeding 
of the boiler by adding only the small quantity of water necessary to make up for evaporation 
which had been condensate*! in reservoirs plunged into the sea outside the ship; this plan was 
tried and at first succeeded ; it happened, however, that these reservoirs became covered on their 
outside with a deposit of scale from the salt water, in consequence of which their conduct ibility 
was much reduced. 

In France M. Lelong-Burnet has introduced a method of purifying feed-water, which consists 
of a preliminary mixing of the water with chemical agents producing a precipitation of ail the 
substances forming incrustation, so that only pure water reaches tho boiler. Hu employs for that 
purpose special reservoirs provided with stirring apparatus in order to effect the mashing of the 
chemicals cast into the water in suitable proportions ; the existing salts arc thus dissolved and 
others formed which precipitate to the bottom of the vessels. 

It will be seen that the application of the process makes a previous careful analysis of tho 
feed-water indispensable, in order to select, according to its composition, the reacting agents 
which are best for the complete precipitation of the salts in solution. Burnet has made for that 
reason a great number of experiments in order to ascertain the most suitable agents for attaining 
tho desired end, and to find the proportions which have to be used according to the nature of the 
feed-water. He has proposed for tho purpose a great number of agents, and especially tho solu- 
tions of caustic potush ami soda, those of alkaline carbonates, baryta, strontianitc, and so on. Ho© 
Corrosion. 

INDIA-RUBBER. Fr., Caoutchouc ; Geb., Kautschuk ; Ital., Comma eluticn ; Span., Cautohvc, 

India-rubber, known generally as caoutchouc, is composed of carbon and hydrogen, eight equi- 
valents of the former uniting with seven of the latter. This compound is represented by the 
formula C, II.. When perfectly pure, it is solid, white, and transparent. Its specific weight is 
025, that of water being 1000. At a temperature varying from 15' Fahr. to 95°, it is supple and 
elastic ; an«l its surfaces, if free from all foreign matter, or recently cut, adhere and become united 
when placed in contact under a certain pressure. The physical properties of caoutchouc are 
greatly modified when its temperature is brought below 32°; it then undergoes a considerable 
contraction, it bocomes less supple, only slightly adhesive, and hardly susceptible of extension. 
These changes of properties remain even after the temperature has been raised again to C0 a or 70°. 
If a pieco of caoutchouc be stretched and cooled down to 32°, it will remain in its extended state, 
even after its temperature has been raised again to TCP. Its primitive characteristic qualities sud- 
denly return, however, when its temperature is raised above 95°. To make the experiment, take 
a strip of caoutchouc, stretch it, and place it for a few minutes in water at 32°; on taking it out of 
tho water it will remain in its extended state and possess but very little elasticity at ordinary tem- 
j>eroturea. But if it be plunged in water at 105 c or above, it will immediately resume its original 
dimensions and all its elasticity. A strip of caoutchouc suddenly stretched manifests a sensible 
increaso of temperature if placed in immediate contact with the lips. Sudden contraction, on tho 
contrary, causes a diminution of temperature. The reason of this is that in the former case tho 
stretching lessens tho volume of the strip, whilst in the latter tho volume is increased by the strip 
returning to its primitive dimensions. 

Several liouid carburets of hydrogen, obtained from coal-tar by distillation — particularly benzino 
— expand and partly.dissolve caoutchouc; the same effects arc produced by essence of turpentine, 
deprived of water by quick-lime, and rectified by distillation. Pure essence of lavender and sul- 
phuret of carbon are still more effective. Tho fat oils may dissolve a small quantity of it, especially 
when hot. Water and alcohol, which were believed formerly to have no effect uj>on it, exert a 
special action and precipitate it in part from its solution in sulphuret of carbon. 

Liouid and gaseous chlorine hardly affect caoutchouc, and it is equally insensible to the action 
of hydrochloric acid, all the wenk acids, the greater part of the gases, and the solutions of fiotash 
and soda. The concentrated sulphuric and nitric acids change it rapidly, especially when they are 
mixed, 8 O,, II O + N 0„ H O. 

The effect of steam upon caoutchouc is to soften it and greatly diminish its tenacity. When 
heated dry from 95- to 250°, it gradually loses its consistency ; its particles become more ami moro 
susceptible of agglutinating together. At a temperature of about 299° to 330°, it is viscous and 
adheres to hard and dry substances ; a large portion, however, of its consistency and elasticity is 
regained after cooling. From about 355° to 390° it fuses and appears to undergo an isomeric 
modification ; for while its elementary composition remains unchanged, it lias become sticky ; if 
heated still more, up to 430 J to 450°, it becomes oily, very brown, and suitable for protecting iron 
and uteri from rust. 

Caoutchouc, in contact with a substance in a state of ignition, burns with a luminous red and 
smoky flame. When subjected to distillation, it gives different carburets of hydrogen, two of 
which ore isomeric with olefiant gas (caoutchene, hevuene); several others have an elementary 
composition, similar to that of essence of turpentine; they boil at various degrees — 57°, 91°, 340’, 
419 1 ; moat of them dissolve small pieces of dry caoutchouc. 

Thu caoutchouc of commerce is composed of two principal parts, ono possessing greater cohesion 
among its molecules, and being more tenacious and ca]mblo of resisting all agents; the other 
softer, ductile, adhesive, and more soluble. Each of these two ports oilers the same elementary 
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composition represented by tho formula C,IL; tbo mass thus constituted contains fatty matters, 
an e ss en tial oil, coloured matters, three nitrous substances, water in variable proportions, which 
may be ns great ns 26 per cent., and traces of saline matters. 

No one of these substances possesses the extensible aud elastic properties in the same degree ns 
the whole together; this seems to bo due to the adhesion between the surfaces of the fibrous parts 
which are lubricated by the fatty matters, and to the isolation of the soft and soluble portion, 
which would render the whole mass more supple. The structure and composition of caoutchouc- 
enable ns to explain several phenomena concerning the penetration of sulphur, the vulcanizing of 
caoutchouc, and the slow nr rapid changes in vulcanized caoutchouc. 

In course of time, especially when exposed to tho light and to a high temperature, caoutchouc 
undergoes changes, the effects of which may be seen, though their consequence* on the immediate 
composition of the substance have not yet been determined ; in such cases it exhales a sharp odour, 
it becomes softer and less tough, and sometimes even it may bo easily broken. 

Caoutchouc and some of its ruder uses were known long ago in South America and in India. In 
1736, Ia Comlamine, of the Institute of France, who had been sent to Peru with ftougucr fur the 
purpose of ranking certain astronomical studies, sent the first sjtccimen of this sultstance to tho 
Academy of Science of the Institute. Fresnau and Maoqucr in 1751 and 1768 sent to the Academy 
some specimens of caoutchouc grown at Cayenne. It was not till the end of the last century that 
caoutchouc was first Imported into England, where it became known under the name of india-rubber, 
from tho almost sole use to which it was for a long time put of nibbing ont lead-pencil marks. 

In 1790, tho raw material cut up into strips began to be used to make clastic balls, ligatures, 
and certain kinds of springs. Later methods of softening caoutchouc and spreading it over coarse 
fabrics to render them waterproof were discovered. Fourcroy succeeded in causing it to swell and 
partially dissolve by means of ether. Grassart in 1791 first mado tubes of caoutchouc by winding 
long strips of that material helically upon slightly conical glass moulds, and joining tho whole 
together. Nadler in 1820 invented a method of cutting caoutchouc into threads suitable for weaving 
into elastic tissues, and about this time Thomas Hancock introduced the use of the devil or mas- 
ticator into the manufacture of caoutchouc. This machine, together with his after inventions, were 
the principal means of extending tho india-rubber trade to the dimensions it has now attained. 

A few years later, Mackintosh improved the mannfocture of single and double waterproof 
fabrics by interposing a layer of caoutchouc rendered plastic by means of essence of turpentine ; bo 
gave a great impulse to the manufacture of overcoats of this material, which overcoats still bear his 
name. Towards the year 1830, Rattier ami Guibal wove fabrics of caoutchouc threads deprived of 
their elasticity by means of a low temperature; by afterwards heating these fabrics up to about 
105°, elasticity was restored to the threads. This method is still employed. 

Hayward’s patent, taken out on the 21th of February, 1839, by Goodyear, his representative, 
marks the first use of a small quantity of sulphur; but he did not state either the proportion or tho 
temperature requisite for the transformation. In 1844, Goodyear described tho properties— partly 
discovered in 1839 — which sulphur gives to caoutchouc by uniting with it; from this time the 
operation was known os ruleanuituj. The same year, Hancock succeeded in vulcanizing caoutchouc 
by means of a bath of sulphur. 

The preparation nnd vulcanizing of caoutchouc were further improved by Rattier and Guibal. 
Parkes iu 1846 invented the method of vulcanizing by immersing the manufactured articles in 
Biilphurot of carbon containing fa (or 2§ per cent.) of protockloriao of sulphur. Several mnuu- 
f.icturera applied this method iu various ways, and produced a great numoer of useful articles. 
M. Guibal, out of a mixture of caoutchouc and silicate of magnesia, formed cylinders, from which 
thick washers are cut to be used between the stuffing in stuffing boxes. Recently M. Gerard has 
constructed an ingenious machine capable of cutting 150 prismatic threads at once instead of eight 
or ten as formerly. 

We will now describe the chief processes employed in manufacturing various articles of caout- 
chouc. When the methods of extracting the raw material in the countries where it is grown shall 
have been improved, we shall no doubt be able to obtain directly thick and homogeneous squares 
and cylinders free from foreign matter. It will then be easy to cut up, by means of machinery, 
these raw products into thin strips and fine threads, from which a great number of articles may lie 
made much more durable than those prepared by working up the caoutchouc, because in that case 
the natural texture would not be injuriously changed by exposure to a high temperature. 

Thread* of pure Caoutchouc . — The irregular bottles of the raw caoutchouc of Para, softened in hot 
water and then cut iu two and flattened between cast-iron plates heated up to 212°, are cut up by a 
circular knife worked by machinery into discs ; these discs are fixed upon an axis, which as it 
revolves presents the disc to the edge of a circular kuife. By this means it is ent up spirally into a 
long strip of any required thickness, and wound upon a reel. A small jet of water assists the action 
of the knifo. A simple mechanical contrivance controls the action of this circular knife by dis- 
placing the centre of rotation and accelerating the motion os the circumference of the disc 
diminishes. Tho strip is afterwards subdivide*! simultaneously into five or six threads by being 
passed between from six to twelve double circular blades cutting in the in&nucr of shears. This 
action is likewise assisted by the continuous flow of a small jet of cold water. A boy on the other 
side gently pulls the threads towards him, and thus assists the passage of the strip. 

The thread obtained by this process is. in general, the most elastic and durable that can be 
obtained. It is first stretched, and its elasticity removed by means of a reduced temperature, in 
order that it may be more easily wovon ; contraction and elasticity are afterwards restored to the 
threads of the finished fabric by beating it in a stove up to 1 12°. Those threads of pure caoutchouc 
possess the defect of becoming bard when exposed to cold and soft when exposed to heat, and for 
this reason vulcanized caoutchouc is generally preferred. 

Various Operation* performed on the Saw Material . — One of the first operations which caoutchouc 
is made to undergo consists in steeping it twelve to twenty-four hours in worm water ; theu, after 
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having cut it up into pieces of about on inch thick with a long sharp knife, those irregular pieces 
ore passed successively between two large rollers of about 15 in. in diameter moving at different 
rates of speed, one making one revolution anil the other two-thirds of a revolution a minute, wbilo 
a jet of water falls continuously upon the upper roller. In this way the pieces of caoutchouc aro 
crushed, rolled, and at the same time pressed out unequally in the two directions; they issue ns 
thin, granulated strip, full of little holes, thus presenting a large surface to the action of the weak 
solutions of soda ami the hot water by which they are purified and rincod, the air which dries, and 
the various mechanical and chemical agents which agglomerate, distend, or dissolve them; such, 
for example, as the deviling machine, hydrnrnrhurets and sulphuret of carbon, the application of 
which we will describe later. The bottles or hollow cones of raw caoutchouc are left to soak in the 
warm water for tbree hours, and then taken out and cut asunder by means of a circular knife which 
is kept constantly watered. This watering is necessary whenever caoutchouc has to lie cut, to 
counteract the adhesive property of the material and prevent nn increase of temperature which 
would result from the friction, and which would increase the tendency of the cnoutehouo to stick 
to the. knife. The bottles when thus cut open let out into the water, iuto which they ore again 
plunged, the earthy matters they may have contained. 

For tho raw caoutchouc of brazil, which is less impure than the other kinds, cleansing by water 
alone is usually sufficient ; it is then passed between the toothed cylinders, which reduce it to thin 
abe< ts full of holes. 

The agglomeration of the caoutchouc, introduced by Hancock, is an operation forming tho basis 
of a great number of the preparations which wo shall presently describe, and is effected in the 
following manner ; — 

The thin strips, obtained by tho rolling already described, having been well washed and dried 
in the air, are made up into a packet or bundle weighing U kilogrammes or aboot 30 lbs., includ- 
ing the scraps and other work from the preceding ojH-ni turns, and heated in a stove up to about 
95^. This bundle is then passed betweeu a massive iron cylinder A, Figs. 4190, 4191, 17 centimetres 
in diameter, and armed w ith 

iron pins or teeth 5 milli- 4i?o. «i»i. 

metres square, let 4 centi- 
metres into the cylinder and 
projecting 2 centimetre* 
above its surface, and the 
iron cylindrical casing, one 
portion b b of which is 
fixed and the other portion 
C is removable. The nundle 
of 14 kilogrammes is com- 
pressed and rolled out be- 
tween the toothed roller, 
which makes from GO to 100 
revolutions a minute, and 
the outer casing B and U which is provided with several projecting diamond-] mints. The parts 
of tho bundle become heated successively, and, joining together, they at length form a fiat lump. 
This lump, dragged slowly by the powerful friction of the teeth, makes one revolution while the 
cylinder mokes 3U or 40. 

To give an idea of this trituration, we may state that it requires a force of 5 horse-power, and 
that tho bundle of caoutchouc, condensed by the close adhesion of the fragments of which it is 
composed, possesses at the expiration of ten minutes, the time required for the operation, a diameter 
of IS or 20 centimetres and a length of 40 centimetres, fcjuch are its dimensions at the moment 
when it was taken out of the devil, in which its form was quite different, as it was compressed 
between surfaces only 6 centimetres njiart, and limited by tho two ends of the cylindrical chamber 
only 35 centimetres distant from each other. 

In winter, during the first quarter of an hour, tho agglomeration of tho caoutchouc is assisted 
by heating the cylindrical chamber up to 1 12° by injecting steam into the double bottom E, Figs. 
4190, 4191, by means of a cock G. A rectangular aperture <f, or several long and narrow aperture's, 
allows the bundle or lump of caoutchouc to be seen and touched. When the operation is com- 
pleted, the cover is taken off by removing the pin N and raising the handle M. The roll is then 
taken out, and replaced by another of 14 kilogrammes prepared in the same manner. 

As the rolls sometimes acquire a high temperature in consequence of the great friction to which 
tbey have been subjected, which teni|>erattiro would be retained in the middle of tin* lump for a 
long time by reason of the low conductivity of the substance, it is neoessary, to prevent injury to 
the material, to cut them asunder through their axis. This is done with a kind of band-saw 
without teeth. The heating becomes of more importance in machines of larger dimensions, giving 
rolls weighing from 28 to 30 kilogrammes; it may be partially avoided ami the introduction of tho 
air into tbo caoutchouc prevented by substituting for the iron pins rounded tlutings, projecting 
4 centimetres and having a breadth of 4 centimetres at their base. 

When it is required to make these rolls up into blocks, they aro placed in the stove and heated 
up to 112 J throughout their mass; they um then rolled out iuto thick sheets between hollow 
cylinders heated internally up to 105° by *tcniu, and fixed 3 or 4 centimetres apart. Six or eight 
of these sheets or tablets are then placed one upon another aud put under a hydraulic press, whore 
they are left to remain subjected to a great pressure for about a week. The pieces become joined 
together, and on oooling retain tho form they have assumed, of a rectangular prismatic block. 
This block is kept in a cellar as long as jiotssible. or stored away for several months. 

To cut up one of these blocks, it is fixed with india-rubber paste upon the travelling plate or 
carrier of a machine-knife fixed like a raw for cutting veneer. Tho carrier is moved forward by 
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means of a long arrow, and tho piece of caoutchouc in thus kept up to the edge of a very sharp 
horizontal knifo in rapid reciprocating motion (000 to K00 stroke* a ininut ). To destroy tho 
elasticity and prevent the heating and consequent adhesion of tho caoutchouc, a jet of cold water is 
made to play continuously upmi the edge of the knife. When the block baa been cut through, it is 
drawn back, railed by means of screws betu-nth the support or several millimetres, according 
to the thirkneas required, and again pushed forward as before. The sheets thus obtained are usttd 
to make tubes, bracelets, garters, balls, and various surgical utensils ; all these articles, after they 
are made, should be sulphuretted to render their elasticity stable. 

For cutting the blocks into sheet* Charles Moseley invented a machine which, among other 
improvements, has a drawing or taking-up motion for keeping tin* sheet of india-rubber at ouo 
even tension, ami so producing a greater uniformity of thickness and smoothness of surface. 

The motion consists of two levers fixed upon tho centres of two rollers. One of these rollers 
revolves in a fixed bearing, and the other roller rests upon tho block of india-rubber to be cut into 
sheets: this roller rises or falls according to the diameter of the block. As tho block revolves it 
comes in contact with tho cutting knife, which by an oscillating motion cuts from it a sheet which 
passes over guide-rollers. As the block revolves it gives a motion to the roller bearing on it, which 
by means of straps and pulleys gives a rotatory motion to the roller, over which passes the sheet of 
india-rubber, and ns the roller bearing on the block of india-rubber has a surface speed oorreapond- 
ing to that of tho block, which decreases as tho block decreases in diameter, tho sheet of india- 
rubber is kept at one exact tension. The same effect may also be produced by self-acting cono- 
pulleys, to give a positive motion to the drawing roller corresponding to the decreasing surface 
speed of the block. It is noei-sanry in cutting india-rubber to have a stream of water running upon 
the face of the knifo to reduce friction ; but to produce a smooth surface upon both sides of tho 
sheet Moseley applies a stream of water to the hack of the knifo in addition to that at the front. 

Fig. 4192 is an end view of Moseley’s machine, and Fig. 4193 a plan of the arrangement for 
watering the back of the cutter. 



a is tho framing of tho machino ; A, tho slide which carries tho cutting knifo c; </ is the block 
of india-rubber held in movable bearings to be operated upon. Immediately over tho india-rubber 
block d, and in contact with it, is the roller c fast on the shaft /, which moves in bearings in tho 
two levers 7, one of which is at each end of the roller e. The fulcrum of tho levers </, and on which 
thpy are freo to move, is tho shaft A, which is the axis of the drawing or taking-up roller « ; this 
roller 1 is covered with india-rubber, and revolves in fixed bearings in the upright standards />. 
On the shaft A, and also on tho shaft /, which is the axis of the roller «*, are keyed the two pulleys 
k and /, the crossed stmp m being passed around them. Similar pulleys k and l and crossed strap 
m an? made use of on the opposite ends of the shafts h anti /, and three guido-roilers n, <>, and r, 
are mounted in bearings fixed to the frame sides a. The apparatus for supplying wator to the back 
of the cutting knife consists of a tin or light metal trough 7, V -shaped or otherwise, which extends 
across the machine the length of the cutting knife. Tho" trough 7 is closed all round, except on 
the inside edge or Up which is next the cutting knife, where suitable openings j. Fig. 4193, are loft 
for the egress of the water, which is supplied to the trough 7 by means of a tlcxiblo pijxj p of india- 
rubber connected by a brauch to the pipe for supplying water to the front of tho cutting knife, or 
from other suitable source at the back of the machine. The trough 7 is fixed under the slide b 
which carries the cutting knife c by a thin metal fiajign fast to and projecting from the trough 7, 
and bolted in between the face of the slido 6 and the cutting knife c, and it is thus carried 
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backward* and forwards with them, the flexible pipe p being made sufficiently long for that 
purpose ; this motion assists in the distribution of the water along the block of india-rubber d from 
which the sheets are cut. 

The mode of operation is as follows ; — The attendant liaving put the machine in motion and 
turned on tho supply of water, the sheet of indin-rubbor as it is produced by the action of the 
cutting knife is, us indicated by the arrows, poised over the guide-roller r, undt-r the guide-rollers 
n and it, and over the drawing or taking-up roller i, which revolving and being covered with india- 
rubber has sufficient bite or hold on the sheet to draw it forward with the required tension. Tho 
•peed of the roller i is required to decrease with the Bize of the block of india-rubber d under 
operation, for ns the sheet is cut from it less length is produced during each revolution of the block 
d, and as it decreases in circumference, its rotatory si>eed being the same, the roller c in contact 
with it will be driven slower, and will communicate its decreasing velocity by moans of the crossed 
straps m to the taking-up roller i, so tlmt the sheet of indiu-rubber will bo taken up ns it is 
produced and deposited in folds in front of tho machine. 

Guihal easily obtains solid cylinders of caoutchouc by placing in a cast-iron mould one of the 
rolls as soon as it comes from the devil. The roll being placed vertically in the mould, an iron 
piston or ram is put upon it, and then placed under a hydraulic press. When tho maximum 
pressure has caused the roll to assume the cylindrical form, the rain is fixed in this position for 
twenty-four hours, or even longer, to allow tho caoutchouc time to cool and set. 

These cylinders Are afterwards cut up into sheets by means of the knife described above ; but 
in this case, the section liaving to be made according to a spiral, the cylinder must be luado to 
revolve, not by the uniform motion of its axis, but according to a uniform velocity of tho sheet 
taken off by the knife. M. Guibal has solved this difficult problem by a very simple and remark- 
able contrivance. Tho rotary motion is communicated to the cylinder of caoutchouc by moans of 
an endless strip of linen cloth, which, guided by rollers and always possessing the same velocity, 
since its length does not vary, allows each oscillation of the knifo to advance by an equal quantity ; 
it follows from this that the streaks or cutsBliglitly marked by each oscillation are equidistant, like 
those which arc obtained by moving forward with a uniform motion ttio rectangular blocks placed 
horizontally upon ttfe machine table. 

Tubes ana other hollow articles of all forms may be easily made of these flat pieces of 
caoutchouc by cutting the edges short off And bringing the sections in contact under pressure and 
welding them with a hammer upon an anvil. The operation must be performed in a warm place 
(about 75°), and the caoutchouc must be of the same temperature. If it has been previously 
cooled down to 32°, it must bo reheated up to 105° to restore its elasticity and adhesive quality. 
The articles may be vulcanized cold after they arc made, by a process which we shall presently 
describe. 

Recently a new kind of rolling machine luia liccn substituted for the devil, already shown 
in Figs. 4190, 4191. It consists of two hollow cast-iron cylinders. 33 ceutimetres in diameter and 
75 in length, heated internally by steam ; ono of the cylinders is grooved longitudinally, 
and revolves with a greater velocity than tho other in the ratio of 3 to 2, the motion being 
transmitted from ono spindle to the other by means of toothed wheels of different diameters. Tho 
axes of both cylinders are in tho same vortical plane, about 20 kilogrammes of caoutchouc in flat 
pieces is introduced between them, and as the machine is not covered in, the work can be easily 
watched. Moreover, as the roll of caoutchouc produced is not very thick, there is nothing to fear 
from an accumulation of heat in the middle of the mass. 

Threads of caoutchouc are obtained by cutting up a piece of agglomerated caoutchouc 2 or 3 
centimetres thick with a punch, or by means of the circular knife, into discs of 15 or 20 centimetres 
in diameter ; these discs are then cut up spirally into strips, whioh are then subdivided into 
threads in the way described under the head of natural caoutchouc. The discs to bo cut up into 
•trips may be prepared in two other wayB, by cutting them from the cylindrical blocks obtained 
by moulding the lumps taken from the deviling machine, or from cylinders prepared by rolling up 
a sheet of caoutchouc that has been worked and rolled betwoen hot cylinders. , 

A great improvement has lately been made in the fabrication of square shreds in the form of a 
machine invented by M. Gerard. To produce threads by this machine, a thin piece of Para 
caoutchouc worked up with six hundredths of sulphur, and rolled out between hot rollers, is 
sprinkled, as it comes from the cylinders, with talc on both its surfaces. This sheet is then wound 
with a piece of linen cloth interposed upon a hollow mandrel, or kind of plate-iron bobbin. Its 
breadth is about 66 centimetres, its length 60 metres, and its thickness varies from half a milli- 
metre to 1, 2, or 3 millimetres, corresponding to threads whose section is a square having 
sides of one of these four dimensions. All the sheets thus rolled up aro placed, by means of a rod 
passing through the hollow axis of the bobbins, into a stout vertical plate-iron cylinder, where they 
are exposed for two hours to a temperature of 285 c , produced by steam injected under a pressure of 
four atmosphere* into the closed cylinder. The long sheet of caoutchouc is then ready to be cut 
up in three cnttingB throughout its whole length, a little margin being left at the edges to allow 
for any irregularities in the width. 

Tho principal part of the ingenious machine producing this result, is composed of from 150 to 
250 circular blades 7 centimetres in diamoter and one-tenth of a millimetre thick, punched out 
of thin watch-spring steel. These blades or knives are kept at an equal distance from each other 
by brass washers from one-half a millimetre to 1, 2, or 3 millimetres thick, and 6 centimetres 
in diameter, all firmly held together by a nut on the end of a stout spindle. Beneath is a solid 
half-hardened india-rubber cylinder fixed upon a spindle parallel to tho former, and in the same 
vertical plane. This cylinder, into which the knives slightly enter, supports tho threads as they 
pass ana are cut. The sheet of caoutchouc, moistened with water, is then placed between the 
knives, which are raised for a moment in order to mark a marginal border in front, and the rapid 
motion of 1500 revolutions a minute communicated to the spindle, whilst the solid india-rubber 
cylinder makes only 8 or 10. A continuous flow of small jets of water prevents adhesion and 


INDIA-RUBBER. 


2009 


friction, and n kind of bran comb separates the threads. Bo fine are the sections, that the 
sheet of caoutchouc issues from between the knives without auv apparent division having been 
made; but the lightest touch shows the 150 to 250 threads. These threads are tied up into 
skeins and cleansed, first in a solution of potash heated up to 212°, which softens the surface, and 
then in pure water. When they have been dried in the air, they are passed over a table between 
vertical round brass teeth, to destroy any slight adhesion ; they are then ready for weuving. This 
machine makes in a given time as many threads as ten or fifteen common machines. 

Solid halls of caoutchouc are made by placing the end of a roll against a revolving cylindrical 
rasp, formed of a sheet of iron punched full of small holes and having tho burr on the outside, like 
a sugar-rasp. The great friction caused by the rapid motion of the rasp, 500 to 601) revolutions a 
minute, soon divides tho mass of caoutchouc up into small fragments, which, having become 
heated bv the friction, have acquired so adhesive a property that they form only a soft and pulpy 
mass. While in this state, it is made into an irregular hall hy hand and placed in a cast-iron 
mould having two turned and polished hemispherical cavities; these two halves maybe powerfully 
press'd together by means of a hoop and screw. A small quantity of the soft material is pressed 
out of the joint and forma a ridge; this is removed by changing the position of the hall in tho 
mould. The pressure is then increased, and the ball left to cool; in twelve hours the ball will 
become very hard, and may be taken out of the mould. To restore its elasticity, it is kept for half 
an hour in a stove or in water heated to 122°, and then left to cool in an ordinary temiierature. 

Thin filaments of caoutchouc are prepared by a kind of rolling when hot. A roll is taken as 
it comes from tho deviling machine and flattened by pressure or cut in two longitudinully by a 
plane passing through its axis. Tho part thus obtained is heated in a stove up to lOtT or 120°, 
and then passed several times between tho cylinders of a rolling machine. These cylinders, which 
are hollow, are very gradually brought together during the process of rolling, and their tem- 
perature is raised to about 175 s by putting red-hot bars of iron inside, or letter, by an injection of 
steam. When the thickness of the caoutchouc is nduccd to 2 or 3 centimetres, it may be folded 
double and passed through again several times in this way to render the substance homogeneous. Tho 
binding screws of each of the bearing blocks of the upper cylinder are then tightened and the sheet 
of soft caoutchouc again passed through ; on leaving the rollers this time it is very thin. It muy 1** 
obtained of any length as, to continue it, it is only necessary to supply the machine with material. 

This thin filament is soft and very sticky ; in this state it is put between two tissues and the 
throe thicknesses passed between the rollers of a second machine. In this way stout waterproof 
fabrics are made, rather heavy, perhaps, but free from the strong smell of common dissolvents, ns 
these are altogether excluded from the preparation. Win n it is required to leave one face of the 
caoutchouc bare, one tissue only is used. The edges of this double tissue, folded in two and cut 
ut> into circular elliptical and rectangular forms, may he made to adhero at pleasure. The edges 
of the caoutchouc, put in contact and pressed hot, join and form a closed vase. A space is left in 
one of the corners for an ajutage, which is stuck in with caoutchouc pasle. This ajuuige, which is 
provided with a small screw stopper, is used to introduce into the vase or bug the solution for 
vulcanizing the caoutchouc and afterwards the air with which this kind of bag is distended to 
render it elastic. 

When it is required to obtain the filament of caoutchouc alone, it is made to pass, ns it comes 
from the hot rollers, into a both of cold water very slightly olcalizcd, whence it is wound upon a 
reel ; powdered talc is sprinkled on both its surfaces to prevent their sticking. If the rolling lie 
effected rather slowly, between cylinders heated internally by steam, the sheets of caoutchouc 
retain the thinness so acquired, 'i'hese sheets may be coloured by means of opaque powders. In 
this way zinc-white gives a whitish liut, and vermilion a beautiful red ; a yellow or orange-red 
may lie obtained with the ochres, blue with ultramarine, and black with bone, ivory, or Limp black. 
It is in accordance with these principles that M. Gerard produces from a single piece a kind of rug 
with designs in relief and a deep embossing. A stout strip of caoutchouc worked up with sulphur 
and coloured powders, and forcibly compressed between two hollow cast-iron plates heated by 
•team, first up to 240° for one hour, then for two hours up to 285 c in order to effect the vulcaniza- 
tion. These remarkable carpets may be two yards long by one broad, and us each of the pattern! 
of two yards may be multiplied indefinitely, whole pieces of a hundred yards length may bo 
manufactured for use in long galleries. 

Pastes and Solutions of Caoutchouc . — The thin sheets of caoutchouc and those obtained by crushing 
and drying, as described above, are very suitable for making pastes and solutions. They are first 
cut up into small pieces, and then placed in contact with each other in a closed vessel, with one- 
and-u-half times, twice, or three times their weight of essence of turpentine rectified, or better still, 
benzine. After twenty-four or forty-eight hours, the caoutchouc is distended and softened ; in this 
state it is passed through a fine cylinder crushing machine, Fig. 4194. Each cylinder is 12 
centimetres in diameter, and 40 in length, and it revolves in a semicircular trough 6, forming tho 
upper portion of a l*ox 

6c, heated more or less by 4184. 

steam. The compound 
being put into the shoot 
d, runs down between 
the first cylinder and 
its trough. When the 
substance arrives on the 
other side of the cylin- 
der, it meets tho edge 
of a knife or scraper y, 
tangent to the surface 

of the cylinder ; it then falls beneath the next, and so on throughout the wholo number of cylinders. 
At e, it falls upon an inclined plane, and runs thence into a vessel /. 
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In this crushing; machine, tho five cylinders receive, from an equal number of endless screws 
fixed upon one spindle, the motion of an equal velocity communicated by these screws to each 
toothed wheel fixed upon the axis of each cylinder. 

The solution so prepared is used for various purposes; to stick together the parts of 
india-rubber articles, to join rectangular pieces of agglomerated caoutchouc end to end, and to 
overlay certain fabrics to render them waterproof. It in sometimes laid on the back of wainscoting 
in contact with damp walls, anti it is frequently employed to give a strong and supple joint to 
the dry surfaces of many parts of domestic furniture ami musical instruments. This caoutchouc 
paste also forms, by a very simple process, a supple binding for certain kinds of books, such 
ns ledgers, Ac. The l*x>k* to be bound are put into a press, cut, ami all the leaves nt the back, 
which have been cut straight, are laid over with three or four layers of solution successively dried ; 
upon the last layer is placed a piece of fine linen cloth by which the leaves are held to the’ covers. 

Oils for lultricating Machinery. — Colza oil, containing 1 $ or 2 per cent, of caoutchouc, cut into very 
thin strips, and dissolved by a temperature of 250° to 268° kept up for live or sfx hours, becomes 
slightly brown and viscous ; in this state it is very suitable for lubricating the rubbing parts of 
machinery. 

Caoutchouc Cement. — This mastic is made by melting carefully, at a temperature of about 430°, 
caoutchouc cut very fine. As soon as it becomes fluid, slaked lime in the form of dust or powder 
is mixed with it ; two parts of caoutchouc and one of liine give a soft cement; by doubling tho 
proj»ortion of lime, we obtain a firm but supplo cement. These cements remain a long time ductile 
and tenacious; bottle* may be hermetically closed by putting some of this material round the worn 
edgeH of a stopper. If we require the outside of the cement to dry, we must employ, for two jiarts 
of caoutchouc, one of lime, and one of red-lead. 

Tubinj .- — Tho ]>osto used in making tultcs may bo composed of 59 parts of enontchonc, 35 of 
oxide of zinc, 5 of sulphur, and 1 of pulverulent lime. The strips of caoutchouc are first sprinkled 
with powdered talc to prevent their sticking ; to render them more homogeneous, they are usually 
placed for an hour upoh a hollow table heated by steam up to 250°. A strip is foldeu double, to a 
breadth j)roj>r»rtionato to the diameter of the tube, and the edges cut with shears. The incision 
through the two thicknesses is made at an angle of 45° with the surface of 
one side, and consequently of 135° with the other. Fig. 4195. When the cylin- 
drical form is given to the piece by means of an iron rod, the two surfaces 
of the section tit each other, as shown in Fig. 4196, and a pressure with a bar 
or a few blows with a flat rule is all that is requirod to moko tho edges 
adhere firmly. 

The tubes are in this way made upon smooth iron rods from 5 to 15 mil- 
limetres in diameter and from 10 to 13 metres in length, and sprinkled with 
talc. When the joint is effected, the tubes are wrapjKjd in a cloth and vul- 
canized by heating them for an hour and a half or two hours to a tempera- 
ture of 270° to 285^, four hundredths of sulphur having been introduced into 
the paste at temperatures varying from 105* to 212°. For this purj>oso tho 
tubes with their rods are placed in a vertical cylinder from 12 to 13} metres in 
height and hermetically closed. Steam is then introduced, and the tempera- 
ture kept at 273' by means of a gauge indicating a pressure of three atmospheres. When the tubes 
have cooled, the rods are withdrawn. Should the tube stick to the rod, the adhesion is destroyed 
by injecting water between them with a small hand-pump. 

Largs Sheets of Caoutchouc , Waterproof Fabrics , 4'C- — Processes producing large sheets of caout- 
chouc are employed for obluiuing pure or coloured layers of that material upon silk or linen 
fabrics, or smooth sheets of large size, either of pure caoutchouc or mixed with colouring oxides. 
The process is effected in tho following manner; — The caoutchouc is first dipped into hot water, 
cut up into shreds, crushed between rollers, washed and purified in the way wo have already 
described. The shrivelled strips so obtained are dried for twenty-four hours in a stove, ami then 
immersed in three times their weight of rectified essence of turpentine; in this state they are left 
from twenty-four to forty-eight hours in covered wooden boxes lined with plate iron, and containing 
500 litres. The shreds of caoutchouc, distended by the essence, are then distributed into eight 
cylindrical capsule*, the bottoms of which are perforated like a skimmer; the thickness of 
the substance in each capsule is about 6 centimetres. The eight capsules are placed in a cylindrical 
column closed bv a cover and mode to fit tight over a wide-mouthed vessel containing essence of 
turjM ntine previously rectified. The essence is then made to I toil, and the rising vapour passes 
through the capsule*, heating to nearly 322 ' the caoutchouc contained in them, which becomes thus 
more regularly and intimately penetrated with essence. The vapour of the essence esrupcs at tho 
top of the column through a side pipe which takes it into a common serpentine pipo where it is 
condensed, giving again distilled essence tit for subsequent operations. After two hours, the 
capsules are taken out of the column, and their half pasty content* poured into the barrel of 
a vermicelli press, provided with several graduated wire-gauze screens, supported on plate* pierced 
with holes. The pressure exerted upon the piston by means of an iron screw, forces tho caoutchouc 
pulp through the three or four screens. By this means it is better separated, as solid foreign 
matters, as well as tho hard portions, are left in the pump-barrel. 

The soft substance is next rolled and kneaded beneath cylinders similar to those already 
described, either alone or mixed with a few hundredth ]>arts of ultramarine blue, oral men t, zinc- 
white, vermilion, or half a hundredth port of lani|>-bliick (calcined), to make a blue, yellow, 
opaque white, brown, rod, or black paste. Three or four hundredth parts of sulphur may be added 
if it l** wished to vulcanize tho niateriul afterwards by merely heating it up to 275 c to 285°. If 
the paste while being kneaded is not sufficiently soft, from half to one i«rt of essence of turpentine 
may bo added, which make* altogether three and a half or four parts for one port of caoutchouc ; 
the paste is then ready to be laid on the fubric*. This is effected in the following manner. 
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In a pftrt of the factory specially devoted to that purjKise, well ventilated, and free from dust, 
n double frame supports, at a distance of 28 to 23 metres nport, two cylinders GO centimetres 
in diameter, and l ,u *50 in length, revolving upon their axes, which aro placed horizontal and 

r rallel to each other. Over these two cylinders is passed a stout endbsa band, which may 
tightened at will by means of binding screws upon the bearing blocks of the axis of one of the 
cylinders. The fabric l m *80 to l* *38 broad, which it is required to overlay with caoutchouc, 
is laid upon this bund, and the two ends are sewn together, so that it too forms a continuous 
circuit and follows with the rotation of the cylinders ail the motions communicated to the hand. 
A transverse bar of wood, nr better of iron, forming a kind of knife with a rounded edge, may be 
brought into contact with the fabric by two adjustment- sc rows ; this serves to limit the thickness 
of the layer. A second transverse bar, parallel to the former, witli rounded angle* and covered 
with swan-skin, is placed under the endless bund to keep the fabric perfectly horizontal and 
to regulate the pressure of the upper bar. 

All being thus arranged, the paste is poured upon the fabric in front of the bar; and the two 
cylinders being set in motion, the band and the fabric upon it move along together, dragging the 
l*a*tc beneath tho bar w ith a sp<*ed of 10 metres a minute, so that in seven minutes the wlmlo 
GO metres are covered. It was necessary formerly to wait at least two hours for the essence to 
cva|M»mto before applying a second layer; in this wav from twenty -eight to thirty hours were 
requisite to apply fourteen layers. But Guibal nml Cumingo have reduced tho whole duration of 
this operation to two hours by means of a new arrangement. 

This arrangement consists in placing under the band at a distance of 1 metre from the trans- 
verse l«ar A, Figs. 4137 to 4201 . the two latter of which show the detail* of the bar or knife, a closed 
vessel, being a kind of box of plate iron BCD slightly bulging, as shown in Figs. 4137 to 4199, 
upon which the band rest* throughout its whole breadth and for a length of 5 metres. Into this 
vessel steam passe* freely through a pipe B from a boiler in which the temperature is kept at 134°. 
The condensed steam flows out through the tubes b' c' towards the water return. The heat thus 
transmitted to the thin layer of caoutchouc paste hasten* the evaporation of the essence of turj ton- 
tine employed. Beside* this, a refrigerator F, formed of two slabs placed together like a roof, and 
having u slope of 45°, is erected over the fabric for a length corresponding to that of the vessel 
beneath. As tho vapour exhaled from the paste meets the slubs, it is cooled by the water which 
fall* upon them continuously from above from a pipe (4 parallel to their ridge, ami pierced with 
holes on each side. The equal dissemination of the water over the whole surface is secured by 
fixing upon each slab a piece of coarse linen or canvas. The vapour of essence of turpentine or of 
benzine i* condensed against tho lower faces of the slabs, and, flowing down, collects in the channels 
I, which take it to a common receptacle J on each side. 

In seven minute* each layer is spread and dried upon the fabric, which is wound alternately 
upon the two reels K L, so that tho fourteen layers are laid on in two hours. As soon as tho lust 
layer i* sufficiently dry, the fabric is wound oft* upon a portable reel. If the caoutchouc contain 
3 or 4 per cent, of sulphur worked into it by kneading, it may l»e vulcanized by siinplv excising 
the fabric to a temperature of 270° to 275° iu a cylinder with a double envelope heated by steum 
up to 231° under a pressure of four atmospheres. The following composition is used by Guibul 
os a cheap and durable coating, free from all unpleasant smell ; — 


Purified caoutchouc 33 

Ground lithurge 50 

Carbonate of lime 10 

I<amp-blnck 2 

Sulphur .. .. 5 

100 

Benzine 100 


Tho above method of vulcanizing is, however, employed only for linen fabrics; for silk and 
woollen goods would become crisp at so high a temperature. These are hung up in a cylindrical 
stove 3 metres in diameter and 5 metres high, which is heated for twelve hours by steam circulating 
under a pressure of four atmosphere* through tufa s at the l>ottom. During one and a half of tho 
twelve hours the temperature is at 268° to 275°. These fabrics, which are intended for cloaks and 
hunting and shooting overcoats, are coated w ith a composition consisting of 30 parts of caoutchouc, 
50 of porphyrized litharge, 10 of chalk, 2 of lamp-black, and from 4 to 5 of sulphur. 

The same arrangement* serve to cent a fabric upon both sides, by simply turning it over Upon 
the endless band ; in such a case more than five or six coatings are seldom livid upon each side. In 
tho same way, four or five layers may he put between two pieces of cloth bv laving two or three 
coatings upon each, and passing the two, placed face to face, between two rollers, winch would 
make them adhere firmly. 

The same machine is used to make large thin sheets of caoutchouc alone, either pure or mixed 
with pulverulent matters, such a* sulphur and the colouring substances, zinc-white, ultramarine, 
ochre, lamp-binck. and so on. In this ease, a dressing of paste and two or three layer* of a mixture 
of equal part* of molasses and gelatine must be first spread upon the endless band, which is 
stretched netween roller* 14 metres apart, occupying tin* place of the reel* K L. This coating, 
which is sufficiently dry not to stick to the substance* placed ujniu it, k«eps supple for a long time 
by reason of tho hygroscopic property of molasses. Upon this consistent waiting as many as forty 
layer* of the caoutchouc paste is laid to obtain a thickness of 1 millimetre; each layer, spread in 
ten minutes, requires one hour to dry, so that forty hours aro required to spread and dry the forty 
layers. The sheet of caoutchouc is easily detached from the band, os the gelatinous coating pre- 
vents adhesion ; it is afterward* sprinkled with very fine sifted talc and wound on a reel. 
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Article* of oil shapes may Ik* made out of thia shoot, and afterward* vulcanized by simply heat- 
ing: them np 10 275°, if sulphur has been previously mixed with the paste. The excess of sulphur 
luny he removed from the articles after they are vulcanized, by immersing them for an hour in a 
l*>iling solution of »h1u or caustic {mi tosh ; and the surface may bo made softer by passing them 
through a bath of hydrochlorite of (totash (Javelle liquor) heated tip to 140°. 

The method of dissolving anti distending caoutchouc by a mixture of Sulphuret of carbon and 
caoutchouc cold in u close*! vessel, and then kneading in a press which forces the paste through 
line wire gauze, is employed to prepare a coating to Is* put between two fabrics unwound from two 
cylinders, and uniting beneath the roller* of a rolling machine. The paste possessing sufficient 
lluidity holds the two together, and rentiers them waterproof. The sulphuroi of carbon is more 
completely and more quickly volatilized than essence of turpentine, and haves less smell. To 
moderate Urn eva|«*»ration and increase the adhesion, benzine may be substituted for a portion of tho 
sulphuret of carbon. 

The rolling machine and cylinders should be enclosed and well ventilated to protect the work- 
men from the noxious influence of the sulphuret of carbon. 

Uses of the Sheets and Strips of Caoutdu/uc cut by the Machine-knife . — A great variety of articles 
may be made of these pieces before they are vulcanized, whether they contain 5 or 0 per cent, of 
sublimed sulphur, the action of which will show itself later by being raised to a temperature of 875°, 
or whether vulcanization is to be effected cold by chloride of sulphur dissolved in sulphuret of 
carbon. In any case, these pieces of caoutchouc, rendered supple oy a temperature of 76° to HtT, 
are formed into all sorts of »haf>os before they are vulcanized ; and if the articles produced are small 
figures or balls from 5 to 8 millimetres thick, their regularity is perfected by moan* of a mould info 
which they are placed hot, a temperature of 212° to 248“ being sufficient fo ensure correctness of 
form, aud from 271° to 275° to fix the form acquired by vulcanizing the material. We shall givo 
a sufficient idea of the processes employed in making a vast number of articles of this nature by 
describing the manufacture of hollow halls. 

8mull hollow balls of 8 to 12 centimetres in diameter are made of strips of caoutchouc mixed 
with sulphur, redu«*l to a thickness of 5 or G millimetres, by relliug, or by being cut with tho 
oscillating knife. In all esses, four segments of a sphere ore cut out of these strips according to 
models, and the edges joined by pressing them between tho thumb and finger or with a caoutchouc 
ixiste, sulphur, sulphuret of carlxm, and benzine, care t*?ing taken to enclose ns much air as possible. 
They are then plnct-d between the two hollow half-spheres or shells of a grooved mould a littlo 
smaller than the hall formed of the segments; the two shells ure held together by tliumli-screws. 
When all tho mould* have been filled and screwed op, they are placed in the steam vulcanizing 
cylinder; here each ball swell* by rcusoa of the air inside dilating under the influence of tho tem- 
perature, presses against the smooth or grooved face of the mould, and soon after the tcm|K*ratun) 
has reached 2Gii J becomes set by being vulcanized; the pressure of tho confined air is sufficieut 
to keep the ball distended. These kills ore used ns indoor toys, where harder ones would bo 
dangerous. 

Larger balls, such as those used for foot-boll aud similar games, ore made in the same way ; but 
tho necessity for greater consistency and elasticity requires the iusuffiatiou of compressed air. This 
whs formerly effected by placing a small round piece of caoutchouc in the form of a washer on the 
inside to double the thickness at that part, and, after tho loll was moulded und vulcanized, insert- 
ing, through a hole bored in this double thickness, the end of the blow-pipe of a compression-pump. 
When the ball waa sufficiently distended, the pipe was withdrawn aud a small conical iron plug 
inserted in its place. This manner of closing the hole was, however, defective, for a shock such as 
that caused by a blow or a bound soon blew out tho plug, and the ball collapsed. This accident is 
now avoided bv means of a very simple contrivance. Instead of putting a little disc of caoutchouc 
mixed with sulphur on the inBido bef<?re tho bull is closed up, as described above, a thicker disc, 
free from sulphur, is so applied. When these ball* have been moulded aud vulcanized in the 
steam-cylinder by a temperature of 275° in the manner already described, they are too feebly dis- 
tended to enable the pressure inside to withstand the external pressure. They may, however, bo 
easily distended to a greater degree, and kept in that state. This is done by simply inserting the 
point of a pipe communicating with a blowing machine. When the hall is sufficiently distended, 
the pipe must be withdrawn without allowing any of the compressed air to escape. This difficulty 
i* surmounted by squeezing between the thumb and finger the thick disc of caoutchouc on tho 
inside, which is still in its normal state, since it contuins no sulphur. As it still retains its adhe- 
sive property, then fore, the pressure of the finger* is sufficient to make the side* of the aperture 
adhere, and so close it hermetically. 

India-rubber Carpets . — We have already referred to the carpets, or mats, formed of a single piece 
of caoutchouc, manufactured by M. Gerard. In fabricating these articles he places a thick sheet 
of rolled caoutchouc between two aunt-iron chests 50 centimetres in depth, strengthened by strong 
stays, and closed by a thick bolted lid of cost iron. The lower chest bears the rectangular moulds 
of cast iron, having hollowB and projections sculptured and engraved upou them, in order to pro- 
duce, by means of a heavy pressure transmitted by two iron screws, deep impressions ; regular 
designs, bordered by n truly artistic framing of bas-reliefs, or medallions, are thus obtained between 
the face* of this kind of large embossing machine. At the moment when the pressure produces its 
effect, steam, under a pressure of four atmospheres, is injected iuto each of the two clasts, so as to 
raise the temperature throughout the whole mass during one hour and a half to 281°. When 
sufficiently cooled, the screws are loosened and the caoutchouc removed. 

It is possible in practice to obtain corjiota two, three, or even twenty-five times this length, by 
continuing, one after tho other, two, thn**, or twenty-five similar impressions upon the same sheet 
of caoutchouc. fare must be taken, in joining the moulds, to leave the contiguous portion* exposed 
to the air, to avoid vulcanizing them a second time, which would render such parts of tho carpet 
too hard. 
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The paste should bo formed with 50 porta of caoutchouc, 15 of ravelled linen, 25 of oxide of zinc, 
4 of sulphur, 5 of lime, and 6 of chalk. The 5 park of lime serve to absorb the hydrosulphuric 
acid which is continually generated during the sulphuration, and to prevent this gas from causing 
flaws. The sticking of the moulds may be prevented by rubbing their surfaces before each 
pressure with a greasy cloth, or moistcuing them with soapy water. 

Hit Manufacture of Machine licit *. — The following is the method employed by Aubcrt and 
Gerard in tho manufacture of strong machine belts. The ruw caoutchouc successive! v dippid in 
warm Water, ) Hissed through tho crushing machine, washed, dried, and agglomerated, then well 
kneaded with 05 of its weight of finely-powdered sulphur between cylinders heated internally by 
steam to ltttFor HO" 1 , gives a very homogeneous paste, which is spread over a stout linen cloth 
and made to |x*notrnte ail its interstices by mmti* of a machino called a Spreader, Fig. 420*2. This 
machine is composed of three hollow cast-iron cylinders, A, B, C, of equal diameter, heated inter- 
nally by steam introduced through the axis of a hollow spindle turning in a 
stuffing box ; these cylinders are moh furnished with a cog-wheel. Motion 
is imjiartod to the cylinder It, and transmitted by its toothed wheel D to each 
of the other wheels E, E'; the diameter of each of which is doable that of tho 
wheel D. It follows from this arrangement that the cylinder B turning 
twice as fast as each of the other two, the stout cloth, 1 metre in breadth amt 
10 to 50 metres in length, which passes between these cylinders receives tho 
caoutchouc paste with so great a friction that it is penetrated by it, and the 
sheets thus prepared being placed one upon another, in number from three 
to ten, and passed between the heated cylinders of a rolling press, are 
formed into a solid mass. They are then cut up by a machiue-knifo accord- 
ing to the size of the wheels which they are intended to drive. To givo 
them greater strength, and to render tlieir edges smooth. they may bo 
enveloped in a cloth prepared in the same manner and the joint covered with 
a narrow strip, which will render tho whole envelopo solid with tho sub- 
jacent tissues. 

Vulcanization is then effected by placing the belts in wrought-iron monlde 
forming a rectangular groove, which has been previously soaped, and which 
then receives an equally smooth plate of iron extending 10 or 12 milli- 
metres beyond it All the moulds thus filled oro placed ujion the lower 
chest of the vulcanizing press previously described. When the whole of 
the surface of this is covered with moulds the upper chest is lowered, by 
means of an endless screw working into the two cog-wheel* which turn tho 
screws of this priws, and during the time that the pressure is exerted the 
ternjjeraturo in the moulds is mined, by steam under a pressure of four 
to five atmospheres, to 284°. Under those conditions an hour suffices to 
vulcanize the belts. Then tho upper chest is raised, the belts withdrawn from tho moulds, 
and replaced by a second length in the same moulds. This second length is vulcanized in the 
same manner as tho first, ami the process is repeated until the whole length of belt has been 
vulcanized. 

A* contact with tho iron distribute* tho heat rapidly, the time necessary for vulcanizing ia, 
com para lively with vulcanizing by confined steam, diminished by one-half, from one hour to one 
hour nud a half, instead of two hours to two hours anti a half. The extremities of the moulds nro 
slightly hollo wed out, in order that in changing tho place of the belt it may not bo found twice 
vulcanized near the line of demarcation. 

Hard /wdei-ntVsrr. — Alnut the year 1848 a branch of industry was founded in America by 
Goodyear, in which advantage was taken of tho projxrtics of caoutchouc hardened by its combina- 
tion with sulphur, in proportions much larger than these which constitute the compound known 
under tho name of 1 uk\mizcd India-rubber. 

The following is the method of preparing this substance ; — 

The raw materials are obtained from the products of a cheap and inferior quality, imported from 
Java and India in blocks containing foreign matters requiring a special purification. The lump*, 
more or less rohi-oiWn, of this raw caoutchouc, are put into tanks containing water which is kept 
at a temperature of from 110' to 120' during thirty-six to forty-eight hours. When these are 
sufficiently softened, they are cut up by means of a inrge ami sharp thin-bladed ktiife into pieces 
of about l kilogramme in weight and between <! and 12 centimetres thick. These pi<>ces are 
crushed and kneaded between two cylinders slightly welted, turning in contrary directions, the 
one making one revolution, the other two-thirds of a revolution a minute, Tho strips thus obtained, 
rough and full of holes, ore next torn into .small shreds by means of a machine similar to that em- 
ployed for preparing the pulp in the manufacture of paper. When the continuous flow of water in 
this machine has entirely eliminated tho earthy and other foreign matters, the caoutchouc is lifted 
out in a kind of floating pulp, and dried u|>on cloths fixed in frames; care must tie taken not to 
raise the temperature of the current of air to a degree which wonld render the caoutchouc adhesive 
and cause it to retain a jiortion of the water. 

The dried substance is then kneaded for about an hour by being made to paes several times 
between two cylinders, heated by an injection of steam to between 120 ami 140 . 

The pasty consistency of this mass admits of the easy incorporation with each 100 kilogrammes 
of caoutchouc of 50 of stone sulphur, reduced to )*owder and passed through a brass sieve No. 00 to 
100 or 1 10 (that is to say, showing, when viewed under a lens, DO to 110 threads upon each side of a 
square of ‘27 millimetres). 

The sulphur being intimately blended and uniformly spread throughout tho mass, the cylinders 
are brought closer together by means of regulating screws acting upon the bearing blocks, bo ns to 
ndueo the paste to a sheet «*f the rcqtiiml thickness (of 2 tc< 7 millimetres, but more usually of 3 to 
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4 millimetres) for Uie manufacture of combs and common articles ; the sheet is cut up according as 
it is rolled, into tablets of 40 centimetres in breadth and GO centimetres in length. 

These soft tablets are received upon frames, upon wbieh is stretched moistened canvas, and 
plunged into warm water at ubout K0 W , in order to take oft' the excess of heat ami render them more 
firm, and tot-flict the contraction which otherwise would Is* prrMluecd at the moment of vulcanizing, 
and which would detach them from the shee ts of tin or of glass. They are then dried and placed 
upon sheets of tin or glass, previously covered with a tl.in layer of lard : then, to ensure their 
contact, a very smooth iron roller is dmsmhI over it. and, to prevent the caoutchouc from sticking to 
the roller, the latter is powdered with silicate of magnesia (talc). 

After remaining twenty-four hours in a horizontal position, which increases the consistency of 
the tablets, the plates thus eharg*d are placed upon iron frames mounted on a bed-plate which 
keejw* them in a position inclined at a Unit 4«V\ in order, on the one hand, that the tablets may not 
run us they become soft during the sulphuration. and, ou the other hand, that the drops of con- 
densed water may run off" without staving on the paste. 

The Inid-plates, mounted upon wheels, are run upon rails into a stout plate-iron cylinder, 
1 metre in diameter and G metres iu length. 

This is cloaed by b kind of door of east iron having a circular flange, which fits into a groove 
round the edge of the cylinder half filled by a roll of supple alkaline caoutchouc mixed w ith ’2.i 
of tow. The door being firmly closed, steam is injected through a pipo full of holes fitted to the 
bottom throughout the whole cylinder. 

The steam, furnished by a boiler under a pressure of five atmospheres, is gradually distributed 
so as to raise very slowlv, in two or three hours, the temperature in the interior of the eyliudur to 
27 «V'. 

This temperature is maintained for seven hoars. 

If tablets of caoutchouc of 10 to 12 millimetres thick had been employed, it would have been 
necessary to raise the temperature more slowly, say in four hours, to 275 J , and to keep it there during 
eight hours. 

The injection of steam is then stopped, and they are allowed to cool slightly, after which the 
air is readmitted into the cylinder. The door may then bo rcnxfved, the frames withdrawn, and 
when completely cold the caoutchouc lifted off, the tablets having become very firm by the combi- 
nation of the sulphur w ith the caoutchouc. If the proportion of sulphur were augmented, or if the 
tcui|>orature were raised too high, the product would become harder, but it would be too fragile. 
It has been proved that by mixing an excess of sulphur ft hard and brittle compound can bo 
obtained, containing 4H of sulphur combined; whilst hard india-rubber of good quality should 
contain only *33 of sulphur. 

During the sulphuration in the cylinder, the steam in condensing falls in drops of water npon 
the yet soft tablets. The water bringing with it the rust (oxide of iron) formed npon the inner 
surface of the cylinder, these stihstanivs often penetrate deep enough to form bubbles and faults 
in the thickness of the tablets, and so lemon much the value of the articles made from them. 

A method could probably bo devised to prevent these defects, cither by maintaining the pieces 
of caoutchouc in a vertical }>osition between two sheets of tin, or by placing, above the lied-platc 
which carries the inclined frames, two sheets of tin in the form of a ridge-roof ; a roof of this kind 
would receive the drops of water from alstvc ami would cause them to drain off beyond the tablets. 

After the tablets are manufactured, they are employed principally ns raw materials for combs. 
For this purpose the tablet.-* are cut into the usual forms by means of a narrow saw, railed n fret- 
saw. which follows the outlines already traced by a steel point. The pieces thus cut up are thinned 
towards one of their edges, like a sword blade, by means of planes, and farther smoothed by rubbing 
them on n slate. The teeth are then cut by a circular saw. Nothing then remains but to polish 
them, which is easily accomplished by rubbing them with n mixture of powdered pumice-stone and 
tallow. 

Pieces of various shapes may be sawn out, turned, or planed, and then easily bent, by dipping 
them for some minutes into boifing water, or bv heating them in a stove. If they ore plunged into 
cold water after they are bent, they will immediately set in the acquired form. 

The thick sulphured paste of caoutchouc may easily lie spread npon bronze moulds, l>ns- 
relicfs, and them* medallions afterwards exposed in the strain-cylinder to the temperature of 275°; 
when cold they retain the acquired forms, with the polish of the moulds. 

INDICATOR. Fb., fndiaiteur; CJkr., Indicator. 

The steam-engine indicator is an instrument for ascertaining the pressure of the steam in the 
cylinder of steam-engines, and the law of its variation during expansion, and during a double 
stroke of the piston. The instrument was invented by Watt and improved by MacNaugbt. In its 
simplest form, it consists of a small hollow cylinder A A, Fig. 4201}, which may be screwed npon 
the head of the cylinder of the steam-engine ; steam is let into it by means of the cock R. A 
piston, the rod of which is visible through the longitudinal aperture//, works in this cylinder 
A A, and through the upper end. The rod is surrounded with a spiral spring fixed to the small 
piston and to the upper end of the cylinder A A. The steam, in virtue of the pressure which it 
exerts upon the small piston, compresses this spring; ami, if the spring is carefully made, the 
quantity by which it is compressed in the vertical direction is proportional to the pressure exerted 
upon the small piston ; bo that the pressure in the cylinder of the engine is measured by tho 
quantity by which the small piston rises above its" initial position, which position answers 
to a pressure of o, or to an absence of pressure. This displacement of the small piston is measured 
on the outside by mean* of a style i K, fixed to the rod by a stud projecting through the longitudinal 
opening. Tho end of this style moves over a divided scale fixed to the cylinder, and this gives 
the measure of the pressure. 

The instrument is very valuable, even when reduced to the parts which wc have just described, 
ns it enables us to ascertain the pressure in the strain -cylinder, a pressure that is always 
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considerably less than that exerted in the boiler, and which is measured bv the gauge. But the 
improvements which have been made in it enable it to register the variations of pressure, tod. to 
express the law of the variation* by a curve. The following description 
will *hnw how this is done ; — Upon n support fixed to the cylinder A A. 
is a drum T, revolving nliout its axis and having n atrip of j»aper rolled 
round it A groove on the lower end of this drum holds a cord which passes 
over a pulley />, with a horizontal axis and fixed upon the same supj*>rt, 
and is carried up vertically to a horizontal arm or stud on the engine piston- 
rod. It follows from this that the drum turnB upon its axis by a quantity 
proportional to the displacement of the piston of the engine. A spring, 
similar to the main-spring of a watch, fixed inside to the wide of the drum 
and to a fixed point, being compressed during the rotation of the drum, 
corresponding to the upward stroke of the engine-piston, brings Iwek the 
drum to it* original position during the downward stroke. To the end K 
of the style i K, is fitted a pencil, which make* un obtuse angle with the 
style, and the point of which rests upon the drum. During the simulta- 
neous motion of the small piston and tho drum, this pencil traces upon the 
surface of the latter a curve which expresses tho law of tho variation of 
the pressure in the engine-evlinder ; for the displacement* of tho pencil in 
the vertical direction, reckoning from the position corresponding to a pres- 
sure of o, are proportional to the pressure, and tho rotation of tho drum is 
proportional to the distance traversed by the engine-piston. 

The arrangement we have described supposes that the circumference of 
tho groove of tho drum is at least equal to the stroke of tho piston ; but as 
this condition cannot always lie conveniently fulfilled, tlio cord on coming 
from the groove is made to pass first over a little windlass moving with 
the pulley />, and having the same axis ; a second cord, nttnehed to the 
groove of the pulley, to which a sufficiently large radius may be given to make its circumference 
exceed the stroke of the piston, is carried up vertically and fixed to the engine-piston in the way 
described above. By this means the indicator may bo applied to widely-different stroke*. 

If tho sheet of paper which was rolled round the drum bo unrolled after the experiment, 
we obtain a curve or diagram similar to Fig. 4201, and ropreaeutiug the law of the variation of 
tho pressure during a double stroke of the piston. 4 2W> 

In a previous experiment, and before tho indi- 
cator was screwed uj>on the cylinder of the engine, 
the drum was turned, and the pencil traced the 
horizontal straight line O X, which corresponds 
to a pressure of o, since the pressure of the atmo- 
sphere was then aiding upon both ends of the little 
piston. The straight lino D II wo* also drawn 
corresponding to one atmosphere, which is very 
easy, know ing the compression to which the spiral 
spring i* subjected under the pressure of a given weight. Then let M P be the ordinate of any 
|>«rt of the curve with respect to OX. which ordinate meet* in I tho horizontal I) H. The ratio 
of M P to I P will express the ratio of the pressure of the *team in the cylinder to the pressure of 
the atmosphere, for the position of the piston corresponding to a fraction of the stroke marked by 
the ratio of O P to O X (OX being the whole stroke). Instead of expressing the pressure by a 
ratio, it may be expressed by a number of kilogrammes to the square centimetre, by merely 
choosing a scale in which 1 P shall represent l k- U8il, or by a numlter of pourids to tho square inch 
by making the corresponding supposition*. 

It will be seen by a reference to the diagram that the portion A B corresponds to the period of - 
admission of the steam into the cylinder. The portion li M 0 corresponds to tho period of expansion ; 
the pressure, which was greater than that of the atmosphere, becomes equal to it for the position of 
the piston corresponding to the point K, after which it becomes less. The portion CND con**' 
spends to the period of emission (luring which the pressure is that of the condenser. This bitter- 
(Nirtion of the curve join* itself to tho first at the end of this second stroke, and the diagram is tha^ 
closed curve. When a certain advance is given to the admission or the emission, every circu uiatanoOF®^/^^ 
of the motion is represented by the diagram. 

This diagram enables us also to I'nlmlntc the work corresponding to a stroke of tho piston. 

Since the ordinate M P expresses the pressure, and the abscissa O P tho distance passed over, tho 
work of the stearn upon the piston during a stroke is represented by the ana O A BCXO. lint 
for a similar reason, the work exerted upou the same face of the piston daring the following stroke 
is expressed by the area OENCXO. Consequently, the work developed upon the piston during 
one stroke is the difference of the two preceding, that is, it is expressed by the area comprised in 
the closed curve forming the diagram. This area may bo computed by means of tho pianimeter , or 
by an approximative formula. 

The form of steam-engine indicator formerly in general use was the MacNaught Indicator, just 
described, in which the piston and it* guiding rod have the same range of motion as the pencil ; 
but us the piston and rod were necessarily made quin* heavy, and their range of motion extensive, in 
order to produce delineation* on a sufficiently large scale, the momentum of these part* wo* so great, 
and the tremulousnes* of the spring so considerable, a* to render tho instrument unserviceable f"r 
application to engines having rapid movement*. These defects have been remedied in tho 
llichnnr* Indicator, the invention of Chn*. Hiclmrds, of Connecticut, U.8. 

Fig. 1205 is a plan of this instrument ; Fig. 4206 is a side elevation ; Fig. 42(17 i* a vertical section 
through the centre of the* spring-case A ; and Figs. 1208 to 421 1 show parts of the instrument in detail. 
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ALEXANDER WILSON & COMPANY, 

ENOINEER8, 

VAUXHALL IRONWORKS, 

WANDSWORTH ROAD, 
LONDON, S.W., 

Near Nine Elms Pier end Railway Station. 


Special attention it called to their 

IMPROVED PUMPS AND INJECTORS, 

which are now universally naed by all the leading 
firm* of Engineers for I And and Marine purpuwa in 
all parts of the World. For excellence of Workman- 
ship and lowness of (Vice they are simply unrivalled, 
as they are produced by special Tools aiui Machinery, 
combined with division of labour, otherwise they 
could not be produced at the price. 


REDUCED PRICE LIST. 


Those marked * are double action. 


Site. 

Dlam. 

Stroke 

0*11*. 
thrown 
per hour. 

H. P. 
of Holler, 
supplied. 

Pilot*. 

4 

1 


*« 

160 

10 

£ «. 

6 10 

6 

» 


3 

2.10 

16 

6 10 

6 

l 


4 

460 

30 

11 0 

7 

2 


4 

600 

40 

13 0 

*8 

2 


4 

900 

60 

15 10 

9 

2 


6 

1200 

75 

17 0 

• jO 

2 


6 

1*00 

120 

19 0 

11 

2 


6 

1500 

100 

22 0 

•12 

2 


e 

2250 

150 

25 0 


3 


9 

3750 

250 

35 0 

•16 

4 


13 

7500 

600 

45 0 


A Large Stock always on hand. 


WOOD E3STGKAVIITG, 

FOR ILLUSTRATING BOOKS, PERIODICALS, CATALOGUES, Ac. 


WILLIAM J. WELCH 

(Engraver to this Dictionary ), 

Bogs to call the attention of Publishers, Printers, Authors, Engineers, Ac., to his Establishment for the Production 
of every description and style of the above Art 


BLOCKS FOR ALL DESCRIPTIONS OF COLOUR-PRINTING 

Executed in the finest style of the Art. 


s ~r», Welllngrton Street, Strand, London, W . C. 


Just Published , Second Edition, Jlvcised aiui Corrected , 12 mo, cloth , 3*. 


YOUNG DUAL ARITHMETICIAN; 

OB, 

DUAL ARITHMETIC. 


ART, DESIGNED FOB ELEMENTARY INSTRUCTION AND THE USE OF SCHOOLS. 

TO WHICH ARE ADDED, 

TABLES OF ASCENDING AND DESCENDING DUAL LOGARITHMS, DUAL 
NUMBERS, AND CORRESPONDING NATURAL NUMBERS. 

By OLIVER BYRNE, 

roUfEKLT rHOFTSSOIl or MATHEMATIC*, COLLEGE or CIVIL EBOIKEEBI. 


London: E. & F. N. SPON, 48, Charing Cross. 

New York : 446, Broome Street. 


HENRY GWYNNE, Engineers, London. 


HAMMERSMITH IRON WORKS, 

London Offices, 89, CANNON STREET, E.C. 

HYDRAULIC MAI FIINKHY OF EVFJ1Y DESCRIPTION. 


GUNPOWDER MACHINERY, TKA-DUESSWO MACHIMEET, PAPER - 
M A KING MACIIINEST. SHEEP AMD WOOL WASHISU 
MACHINERY. ItVDBACLtC HAMS. 

Lessware's Centrifugal Hydro-Extractor. 

SCHIELE'S TURBINE W ATKR- WHEELS. 

Improved Centrifugal Pump* & Centrifugal Pumping Engines of every description. 
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IMPROVED DOUBLE-ACTING STEAM HA] 


dIurm:*;w 


The Valve Goar of those Hammers U of the simplest and best construction, the parts 
in nnmbor, and not liable to rapid wear. Being all hand-worked, Steam can be contiuo 
necessary) at full force on top aide of Piston until tho blow bos been fairly struck, thua. 
true Dead Blow, and one obviously much heavier than can be delivered by any self-acting 
of same size, where tbo valve must of course be reversod before the Hammer comes to 
other words has struck the blow. 

The necessary variations in force of blow and length of stroke are also mure rupidt 
easily effected by tho single handle which oontrols all the movements of those Hammers, til 
self-acting gearing ; those being no Cams, Tappets, Levers, or Springs to adjust, in order to.i 
those movements. 

Sizes up to 12£ net. usually in Stock or Progress 

DAVIS & PRIMROSE, ENOINEERS, LEITH, N 
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